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IMPORTANT NOTICE 


Texas Instruments (TI) reserves the right to make changes to or to 
discontinue any semiconductor product or service identified in this 
publication without notice. T!l advises its customers to obtain the latest 
version of the relevant information to verify, before placing orders, 
that the information being relied upon is current. 


Tl warrants performance of its semiconductor products to current 
specifications in accordance with Tl’s standard warranty. Testing and 
other quality control techniques are utilized to the extent Tl deems 
necessary to support this warranty. Unless mandated by government 
requirements, specific testing of all parameters of each device is not 
necessarily performed. 


Tl assumes no liability for Tl applications assistance, customer product 
design, software performance, or infringement of patents or services 
described herein. Nor does Tl warrant or represent that any license, 
either express or implied, is granted under any patent right, copyright, 
mask work right, or other intellectual property right of Tl covering or 
relating to any combination, machine, or process in which such 
semiconductor products or services might be or are used. 


Information contained in this data book supersedes all data for this 
technology published by TI in the United States of America before 
January 1989. 


Copyright © 1989, Texas Instruments Incorporated 


INTRODUCTION 


Texas Instruments offers an extensive line of industry-standard integrated circuits for peripheral support applications of 
microprocessor-based systems, DSP (digital signal processing) related analog interfaces, and other high-speed 
digitizing requirements that demand ADC and DAC conversion. 


Tl data acquisition system circuits represent technologies from traditional bipolar through Advanced Low-Power 
Schottky (ALS), IMPACT", LinCMOS™, Advanced LinCMOS™, and LinEPIC™ processes. The ALS and IMPACT™ 
oxide-isolated technology provides the data acquisition family with improved speed-conversion characteristics. 
LinCMOS™ and Advanced LinCMOS™ technologies feature improvements in resolution, power consumption, and 
temperature stability. LinEPIC™ has both improved speed conversion and reduced power consumption. 


This data book (Volume 2 of 3) provides information on the following types of products: 


Single-Slope and Dual-Slope Analog-to-Digital (ADC) Converters 
Successive-Approximation Semi-Flash, and Flash ADC Converters 
Current Multiplying and Video DAC Converters 

Color Palette Chips 

Analog Interface for Digital Signal Processors 

Analog Switches and Multiplexers 

Switched-Capacitor Filter Integrated Circuits 


These products cover the requirements of consumer applications, industrial process controls, digital signal processing, 
microprocessor interface, electronic instrumentation, digital audio equipment, video work stations, and imaging. New 
surface-mount packages (8 to 28 leads) include both ceramic and plastic chip carriers, and the small-outline (D) plastic 
packages that optimize board density with minimum impact on power-dissipation capability. Test equipment with 
handlers and automated assembly bonders strengthen the production capabilities to provide a lower cost-to- 
performance ratio. Tl continues to enhance quality and reliability of integrated circuits by improving materials, 
processes, test methods, and test equipment. In addition, specifications and programs are continuously updated. 
Quality and performance are monitored throughout all phases of manufacturing. 


The alphanumeric listing in this data book includes all devices in Volumes 1, 2, and 3. Products in this data book are 
shown in bold type. The alphanumeric index provides a method of quickly locating the correct device type. The 
selection guide includes a functional description of each device that provides key parameter information and packaging 
types. Ordering information and mechanical data are in the last section of the data book. 


While this volume offers design and specification data for data acquisition circuit components only, complete technical 
data for any Tl semiconductor product is available from your nearest TI Field Sales Office, local authorized TI distributor, 
or by writing directly to: 


Texas Instruments Incorporated 
LITERATURE RESPONSE CENTER 
P. O. Box 809066 

DALLAS, TEXAS 75380-9066 


We sincerely feel that the new 1989 Data Acquisition and Conversion data book will be a significant addition to your 
library of technical literature from Texas Instruments. 


IMPACT, LinCMOS, Advanced LinCMOS, and LinEPIC are trademarks of Texas Instruments Incorporated. 
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DATA ACQUISITION AND CONVERSION 
SELECTION GUIDE 


single-slope and dual-slope A/D converters 


CONVERSION FUNCTION RESOLUTION 
Dual Slope A/D with BCD Output 4 1/2 Digits 


TYPE 
TLO7135 
ICL7135 


Digital Processors with Seven-Segment Outputs 
Digital Processors with BCD Outputs 
Dual-Slope Analog 
Pulse-Width Modulator for Single-Slope Converter 


successive-approximation and semi-flash converters 


ADDRESS UNADJUSTED 
SIGNAL INPUTS RESOLU- | CONVERSION POWER 
AND ERROR 
TION DISSIPATION 
DATA 1/0 | ANALOG | ANALOGT (MAX) 
(BITS) (mW TYP) 
FORMAT | DEDICATED | DIGITAL +LSB 


MeCmn ie 


4 1/2 Digits TL500 
Dual-Slope Analog Processors 
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| 
. : 
Parallel : 
| 
Be | 
eee | 


tT Analog/digital inputs can be used either as digital logic inputs or inputs for analog to digital conversion. For example: The TLC532/3A 
can have 11 analog inputs, 5 analog inputs, and 6 digital inputs, or any combination in between. 

tincludes access time 

8Differential input 
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DATA ACQUISITION AND CONVERSION 
SELECTION GUIDE 


successive-approximation converters 


SIGNAL INPUTS RESOLU- | CONVERSION POWER 
TION DISSIPATION 


ADDRESS UNADJUSTED 


1 


AND ERROR 

DATA 1/0 | ANALOG | ANALOGT (MAX) 
(BITS) (mW TYP) 

FORMAT | DEDICATED | DIGITAL +LSB 


ADCO0834A N 
ADC0834B 

2-57 
ADCO0838A E 
ADC0838B 


N,N 
TLC540 
DW, FN, N | 2-165 
TLC541 
TLC542 
0.5 


UOI}ELUIOJU] JeIVUaD 


fae vate. 3-35 


84 10 
An) 
eo 
ee Ses * eh ML aoe 
5 
che 25 
19 13 
25 
7 


D/A converters (5 V to 15 V) 


RESOLUTION | SETTLING TIME 
FUNCTION TTL COMPATIBILITY AT 15 V (BITS) fa) TYPE PACKAGE 
ns 


ADTS2AA 6 
Single Multiplying D/A AD7524J 
No 
Dual Multiplying D/A 
alee ee 


AD7528B 
FN, N 2-11 
AD7528K 


TLC7528 DW, FN, N 2-233 


AD7628 
AD7533L 3-65 


T Analog/digital inputs can be used either as digital logic inputs or inputs for analog to digital conversion. For example: The TLC532/3A 
can have 11 analog inputs, 5 analog inputs, and 6 digital inputs, or any combination in between. 

tincludes access time 

8 Differential input 


100 
50 


1 


TLC7524 D, FN, N 2-225 
Single Multiplying D/A 
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DATA ACQUISITION AND CONVERSION 
SELECTION GUIDE 
RANGE ON-BOARD 


TFYPE 
FILTERS 
(BITS) 


1 MHz (A/D) TLCO820/ADC08 20] 2- 
TLC7524 2-225 
SE as Eres 
} AD7524 
Linear No 
5 MHz TLC7528 2-233 
(Dual D/A) AD7528 211 
4 MHz (D/A) TLC7533/AD7533 | 3-65 
TLC32040T 
19.2 kHz 
Linear 14 14 TLC300411 2-247 
(Programmable) |(Programmable) 
TLC320427 
TLC32044 2.077 
Voiceband AIC Linear eee 14 20 kHz Yes 2-277 
TLC32045 9-344 


video converters 


CONVERSION POWER 
CONVERSION RESOLUTION 
FREQUENCY DISSIPATION TYPE PACKAGE 
FUNCTION (BITS) 
(MHz) (mW) 


Video A/D Converter eet eee 300 
er Dees 
eee ae 

Video D/A Converter 


TYPE PACKAGE ne 
ro182 
L185 
+10 N 2-87 
Dual SPST TL1868 
Twin Dual SPST TL191 


(V) 
SPDT TL601 
ee ae 
Dual SPDT TL604 
+25 -—-17 to +25 JG, P 2-121 


analog interface for digital signal processors 


DYNAMIC 


TRANSFER 
CHARACTERISTIC 


RESOLUTION 
(BITS) 


SAMPLING 
RATE 


FUNCTION 


Discrete Interfaces 
A/D and D/A 


High Performance 


Combo 


analog switches and multiplexers 


POWER VOLTAGE TYPICAL 
FUNCTION SUPPLIES RANGE IMPEDANCE 
(V) (OHMS) 


Twin SPDT 


SPST with Enable TL607 
SPST with Logic Inputs TL610 


TLC4016 2-209 


switched-capacitor filter ICs 


POWER 
FILTER 
FUNCTION SUPPLIES TYPE PACKAGE 
ORDER 
(V) 
; TLC10/MF10A 
Dual Filter, General Purpose 2 +4-to: +5 FN, N 2-139 
TLC20/MF10C 
TLCO4/MF4A-50 
Low Pass, Butterworth 4 #2,5 106 +6 
TLC14/MF4A-100 


T The TLC32040 and TLC32041 have two differential inputs for the 14-bit A/D and a serial port input for the 14-bit D/A. The A/D conversion 
accuracy for this device is measured in terms of signal-to-quantization distortion and also in LSB over certain converter ranges. The package 
types are FN and N. Please refer to the data sheet. 
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General Information 
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DATA ACQUISITION AND CONVERSION 
CROSS-REFERENCE GUIDE 


Replacements are based on similarity of electrical and mechanical characteristics as shown in currently published data. 
Interchangeability in particular applications is not guaranteed. Before using a device as a substitute, the user should compare 


the specifications of the substitute device with the specifications of the original. 


Texas Instruments makes no warranty as to the information furnished and buyer assumes all risk in the use thereof. No 


1 


liability is assumed for damages resulting from the use of the information contained herein. om 
Manufacturers are arranged in alphabetical order. S 
E 
ANALOG gs gical PAGE < 
PEVICES REPLACEMENT REPLACEMENT Ne = 
AD570JN ADCO803CN 2-23 = 
AD7512DIJNN TL182CN 2-87 ee 
AD7512DIJQ0 TL182IN 2-87 co 
AD7512DIKN TL182CN 2-87 © 
AD7512DIKQ TL182IN 2-87 c 
AD7512DISD TL182MJ 2-87 @ 
AD7512DITD TL182MJ 2-87 es) 
AD7520 TLC7533, AD7533B 3-65 
AD7524AD AD7524AN TLC7524I1N 2-3 
AD7524JN AD7524JN TLC7524CN 2-3 
AD7528BQO AD7528BN TLC75281N 2-11 
AD7528KN AD7528KN TLC7528CN 2-11 
AD7533 TLC7533, AD7533 3-65 
AD7820K/B/T TLCO820A, ADCO820CC 2-189 
AD7820L/C/U TLCO820B, ADCO820BC 2-189 
AD7533 TLC7533, AD7533 3-65 
AD7820 TLCO820, ADCO820 2-189 
ADC82AG TLCO820BIN, 2-189 
ADCO820BCIN 2-189 
ADC82AM TLCO820AIN, 2-189 
ADCO820CCIN 2-189 
ADC-830C 2-23 
ADC-EK12DC TL500/1/3CN 2-93 
TLC7135CN 2-69 
TLC7135CFN 2-69 
ICL7135CN 2-69 
ADC-EK12DR TL500/1/3CN 2-93 
TLC7135CN 2-69 
TLC7135CFN 2-69 
ICL7135CN 2-69 
ICL7135CFN 2-69 
DIRECT SUGGESTED PAGE 
FUJITSU TI TI NO 
REPLACEMENT REPLACEMENT : 
MB4053P TL5071N 2-115 
MB40576 TL5501 3-13 
MB40578 TLC5502 3-55 
MB40776 TL5601 3-19 
MB40778 TLC5602 3-61 
: 
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DATA ACQUISITION AND CONVERSION 


CROSS-REFERENCE GUIDE 


DIRECT 


HARRIS TI ee 
1 REPLACEMENT 
TLC10 2-139 
G) DIRECT SUGGESTED 
4 INTERSIL TI TI Brg 
oD REPLACEMENT REPLACEMENT 
— ADCO803LCD ADCO803iN 3:93 
Se ADCO803LCN ADCO803CN 2-23 
cm ADCO804LCD ADCO804IN 2-29 
a | ADCO804LCN ADCO804CN 2-29 
= DGM182AK TL182MN TL604MP 2-87 
° DGM182BJ TL182CN/IN TL6O04CP/IP 2-87 
= DGM185AK TL185MN TL604MP 2-87 
0 DGM185BJ TL185CN/IN TL6EO4CP/IP 2-87 
+ DGM188AK TL188MN TL610MP 2-87 
rol DGM188BJ TL188CN/IN TL610CP/IP 2-87 
| DGM191AK TL191MN TL610MP 2-87 
DGM191BJ TL191CN/IN TL610CP/IP 2-87 
ICL7135CPI ICL7135CN 2-69 
ICL7135CFN 2-69 
TLC7135CN 2-69 
TLC7135CFN 2-69 
LINEAR ae PAGE 
TECHNOLOGY bocce Resieay NO. 
LTC1060ACN TLC1ON 2-139 
LTC1060CN TLC20N 2-139 
DIRECT 
MAXIM TI Ea 
REPLACEMENT 
MF10BN TLC10N 2-139 
MF10CN TLC20N 2-139 
MICRO sigs i PAGE 
NETWORKS ELE a NO. 
TLCO820ACN/TLCO820BCN, 2-189 
ME peo ADCO820BCN/ADCO820CCN 2-189 
MN5120/5130/5140 TLCO820ACN/TLCO820BCN, 2-189 
ADCO820BCN/ADCO820CCN 2-189 
MICRO ee PAGE 
POWER SYSTEMS SAGO cb neat NO. 
MP7138AN TL500/1/3CN 2-93 
TLC7135CN 2-69 
TLC7135CFN 2-69 
ICL7135CN 2-69 
ICL7135CFN 2-69 
MP7574AD/BD ADCOB8OSIN series 2-23 
MP7574JN/KN ADCO804CN or 2-29 
ADCOS8O5CN series 2-23 
MP7581/JN/KN/AD/BD ADCO808N/ADCO809N 2-35 
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CROSS-REFERENCE GUIDE 


DIRECT SUGGESTED 
MOTOROLA TI TI arg 
REPLACEMENT REPLACEMENT 1 
MC1405L TL500CN/TL501CN/ 2-93 
TL505CN 2.107 
MC14433P TL500/1/3CN 2-93 c 
TLC7135CN 2-69 ro) 
TLC7135CFN 2-69 = 
ICL7135CN 2-69 14) 
ICL7135CFN 2-69 = 
MC14442L TLC533AMJ TLC532AMJ 2-155 te 
MC14442P TLC533AIN TLC532AIN 2-155 2 
MC14443P TL507IN 2-115 = 
MC14444P TLC546IN 2-173 — 
MC14447P TL5071P 2-115 ~ 
MC145040FN TLC541MFN TLC540MEN 2-165 © 
MC145040L TLC541MJ TLC540MJ 2-165 ® 
MC145040P TLC541MN TLC540MN 2-165 Se 
MC145041P1 TLC542IN 3.27 ® 
MC54HC4016J TLC4016MJ 2-209 © 
MC74HC4016J TLC4016IN 2-209 
MC74HC4016N TLC4016IN 2-209 
MC54HC4066J TLC4066MJ P47 
MC74HC4066J TLC4066IN 2-217 
MC74HC4066N TLC4066IN 2-217 
DIRECT SUGGESTED 
NATIONAL TI TI ae 
REPLACEMENT REPLACEMENT 
ADCO803LCD ADCO803IN 2-23 
ADCO803LCN ADCO803IN 2-23 
ADCO804LCD ADCO804IN 2-29 
ADCO804LCN ADCO804CN 2-29 
ADCO805LCN ADCO805IN 2-23 
ADCO808N/ 2-35 
ADCO808CCU sige tai ea 
ADCO808N/ 2-35 
ADCO808CCN hp es 
ADCO809N/ 2-35 
ADCO809CCN Ehean Was 
ADC0811BCJ TLC5411N TLC5401N 2-165 
ADCO0811BCN TLC5411N TLC5401N 2-165 
ADC0811BCV TLC5411FN TLC5401FN 2-165 
ADCO0811BJ TLC541MJ TLC540MJ 2-165 
ADC0811CCJ TLC5411N TLC5401N 2-165 
ADCO811CCN TLC5411N TLC5401N 2-165 
ADC0811CCV TLC5411FN TLC5401FN 2-165 
ADC0811CJ TLC541MJ TLC540MJ 2-165 
ADCO820BCD TLCO820BIN, 2-189 
ADCO820BCIN 2-189 
ADCO820BCN TLCO820BCN, 2-189 
ADCO820BCN 2-189 
ADCO820BD TLCO820BM\J, 2-189 
ADCO820BJ 2-189 
ADCO820CCD TLCO820AIN, 2-189 
ADCO820CCIN 2-189 
ADCO820CCN TLCO820ACN, 2-189 
ADCO820CCN 2-189 
ADC0820CD TLCO820AMJ, 2-189 
ADCO820CJ 2-189 
ADCO829BCN TLC533AIN TLC532AIN 2-155 
ADCO829CCN TLC533AIN TLC532AIN 2-155 
ADCO830BCN TLC5461N awk} 
ADCO830CCN TLC546IN 2-173 
Texas 
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(Continued) 
DIRECT SUGGESTED 
NATIONAL TI Tl a 
REPLACEMENT REPLACEMENT 
ADCO831BCJ ADC0831BIP TLC5491N 2-49 
O ADC0831BCN ADC0831BCP TLC5491N 2-49 
© ADCO831CCJ ADCO831 AIP TLC5491N 2-49 
3 ADCO0831CCN ADCO831ACP TLC5491N 2-49 
a ADCO832BCJ ADCO832BIP 2-49 
= ADCO832BCN ADCO832BCP 2-49 
5 ADCO832CCJ ADCO832AIP 2-49 
aa ADCO832CCN ADCO832ACP 2-49 
a ADCO834BCJ ADCO834BIN 2-57 
oO ADCO834BCN ADCO834BCN 2-57 
= ADCO834CCU ADCO834AIN 2-57 
3 ADCO834CCN ADCO834ACN 2-57 
® ADCO838BCJ ADCO838BIN 2-57 
=a ADCO838BCN ADCO838BCN 2-57 
ro) ADCO838CCJ ADCO838AIN 2-57 
= ADCO838CCN ADCO838ACN 2-57 
ADC1001CCJ TLC15411N 2-199 
ADC1005BCJ TLC15411N 2-199 
ADC1005CCJ TLC15411N 2-199 
ADC1225 TLC1225 3-43 
ADC3511CCN TL500/1/3CN 2-93 
TLC7135CN 2-69 
TLC7135CFN 2-69 
ICL7135CN 2-69 
ICL7135CFN 2-69 
ADC3711CCN TL500/1/3CN 2-93 
TLC7135CN 2-69 
TLC7135CFN 2-69 
ICL7135CN 2-69 
ICL7135CFN 2-69 
ADD3501CCN TL500/1/2CN 2-93 
ADD3701CCN TL500/1/2CN 2-93 
MF10AN TLC10CN 2-139 
MF10CN TLC20CN 2-139 
MM54HC4016J TLC4016MJ 2-209 
MM54HC4066J TLC4066MJ 3-317 
MM74HC4016N/J TLC4016IN 2-209 
MM74HC4066N/J TLC4066IN 2-217 
MF4-50 TLCO4/MF4A-50 2-127 
MF4-100 TLC14/MF4A-100 ADT 
PRECISION ee PAGE 
MONOLITHICS a weal aes NO. 
PM7524FO TLC7524IN, AD7524AN 2-225 
PM7524FP TLC7524CN, AD7524JN 2-225 
PM7528 TLC7528, AD7528 2-233 
PM7533 TLC7533, AD7533B 3-65 
DIRECT SUGGESTED 
RCA Tl TI i 
REPLACEMENT REPLACEMENT els 
CD4016AD TLC4016MJ 2-209 
CD4016AE TLC4016IN 2-209 
CD4066AD TLC4066MJ 2-217 
CD4066AE TLC4066IN 2-217 
CA3162E TL501CN/TL503CN 2-93 
T I 
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DIRECT SUGGESTED 
SIGNETICS TI TI gong 
REPLACEMENT REPLACEMENT 1 

ADC0803/4/5-1LCN ADC0803/4/5iN 9-23 

ADC0804-1CN ADCO804CN 2-29 
NE5034F TLC532AIN 2-155 om 
NE5036FE/N/D TLC549CN/CD 2-181 a) 
NE5037F/N/D TLC549CN/CD 2-181 4 
& 
DIRECT SUGGESTED — 
PAGE @) 
SILICONIX TI Tl rie PP 
REPLACEMENT REPLACEMENT .. 
DG182AP TL182MN TL610MP 2-87 Ne 
DG182BP TL182CN/IN TL610CP/IP 2-87 | 
DG185AP TL185MN TL604MP 2-87 bee 
DG185BP TL185CN/IN TL6O4CP/IP 2-87 = 
DG188AP TL188MN TL604MP 2-87 rT 
DG188BP TL188CN/IN TL6O4CP/IP 2-87 ro 

DG191AP TL191MN TL604MP 2-87 

DG191BP TL191CN/IN TL6O4CP/IP 2-87 

LD110CJ TL503CN 2-93 

TLC7135CN 2-69 

TLC7135CFN 2-69 

ICL7135CN 2-69 

ICL7135CFN 2-69 

LD111ACJ TL501CN 2-93 

TLC7135CN 2-69 

TLC7135CFN 2-69 

ICL7135CN 2-69 

ICL7135CFN 2-69 

LD120CJ TL500CN 2-93 

TLC7135CN 2-69 

TLC7135CFN 2-69 

ICL7135CN 2-69 

ICL7135CFN 2-69 

LD121ACJ TL503CN 2-93 

TLC7135CN 2-69 

TLC7135CFN 2-69 

ICL7135CN 2-69 

ICL7135CFN 2-69 

Si520DJ ADCO808N/ 2-35 

ADCO809N 2-35 

Si7135CJ TLC7135CN 2-69 

TLC7135CFN 2-69 

ICL7135CN 2-69 

ICL7135CFN 2-69 
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DIRECT SUGGESTED 
TELEDYNE TI TI fr 
REPLACEMENT REPLACEMENT 
TSC7135CPI TLC7135CN 2-69 
TLC7135CFN 2-69 
G) ICL7135CN 2-69 
feo) ICL7135CFN 2-69 
= TSC8700 ADCO808N 2-35 
~~ TSC8701 TLC15411N 2-199 
o> TSC8703 ADCO808N 2-35 
a TSC8704 TLC15411N 2-199 
= TSC14433CN TLC7135CN 2-69 
oO TLC7135CFN 2-69 
on ICL7135CN 2-69 
~ ICL7135CFN 2-69 
pe) 
ae 
@) 
se 
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TERMS, DEFINITIONS, AND LETTER SYMBOLS FOR 
ANALOG-TO-DIGITAL AND DIGITAL-TO-ANALOG CONVERTERS 


1 


INTRODUCTION 
These terms, definitions, and letter symbols are in accordance with those currently approved by the JEDEC 


oS 
Council of the Electronic Industries Association (EIA) for use in the USA and by the International © 
Electrotechnical Commission (IEC) for international use. |= 
1. GENERAL TERMS E 
Analog-to-Digital Converter (ADC) 2 
A converter that uniquely represents all analog input values within a specified total input range by a limited = 
number of digital output codes, each of which exclusively represents a fractional part of the total analog input — nm 
range. (See Figure 1.) © 
® 
NOTE: This quantization procedure introduces inherent errors of one-half LSB (least significant bit) in the ¢ 
representation since, within this fractional range, only one analog value can be represented free of oe 
error by a single digital output code. os) 
Digital 
CONVERSION CODE Output 
Code : 
Ideal Straight Line 
Range of 

Analog Digital \ | 

Input Output byl 

Values Code 0....101 en ees 


Center 


...100 


...001 


Midstep Value 
of 0...011 


Quantization Error 


+ % LSB 
Analog 
Input 
0 Value 


Inherent Quantization Error (+ %2 LSB) 


FIGURE 1. ELEMENTS OF TRANSFER DIAGRAM FOR AN IDEAL LINEAR ADC 


XAS 4 ; 17 
INSTRUMENTS 


POST OFFICE BOX 655012 ¢ DALLAS, TEXAS 75265 


GLOSSARY 
TERMS, DEFINITIONS AND LETTER SYMBOLS 


Analog-to-Digital Processor 
An integrated circuit providing the analog part of an ADC; provision of external timing, counting, and 
arithmetic operations is necessary for implementing a full analog-to-digital converter. 


1 


Companding DAC 


G) A DAC whose transfer function complies with a compression or expansion law. 
= NOTE 1: The corresponding ADC normally consists of such a companding DAC and additional external 
0 circuitry. 
oa NOTE 2: The compression or expansion law is usually a logarithmic function, e.g., A-law or w-law. 
> 
oO Conversion Code (of an ADC or a DAC) 
3 The set of correlations between each of the fractional parts of the total analog input range or each of the digital 
D input codes, respectively, and the corresponding digital output codes or analog output values, respectively. 
a (See Figures 1 and 2.) 
> NOTE: Examples of output code formats are straight binary, 2’s complement, and binary-coded decimal. 

Analog 

Output 

Value 

; 7 
7 


Ideal Straight Line 


—=— Step Height 


4 (1 LSB) 

! 

‘ 

! 

| 

| 

| 

| 

! 

Step Value 

! 

| 

! 

| 

| 

Digital 

: Input 
0:,.000"=0::002"-- 0-610 -O):011 -0.:,100" 0.401 Code 

\ 


ye 
Step 
CONVERSION CODE 


FIGURE 2. ELEMENTS OF TRANSFER DIAGRAM FOR AN IDEAL LINEAR DAC 
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Digital-to-Analog Converter (DAC) 
A converter that represents a limited number of different digital input codes by a corresponding number of 
discrete analog output values. (See Figure 2.) 


NOTE: Examples of input code formats are straight binary, 2’s complement, and binary-coded decimal. 
Full Scale (of a unipolar ADC or DAC) 


A term used to refer a characteristic to that step within the transfer diagram whose nominal midstep value or 
nominal step value has the highest absolute value. (See Figure 3a for a linear unipolar ADC.) 


NOTE 1: The subscript for the letter symbol of a characteristic at full scale is "FS". 
NOTE 2: In place of a letter symbol, the abbreviation "FS" is in common use. 
Full Scale, Negative (of a bipolar ADC or DAC) (See Figures 3b and 3c) 


A term used to refer a characteristic to the negative end of the transfer diagram, that is, to the step whose 
nominal midstep value or nominal step value has the most-negative value. 


NOTE 1: The subscript for the letter symbol of a characteristic at negative full scale is "FS—" (VFS-_, IFS-). 
NOTE 2: In place of a letter symbol, the abbreviation "FS—" is in common use. 
Full Scale, Positive (of a bipolar ADC or DAC) (See Figure 3b and 3c) 


A term used to refer a characteristic to the positive end of the transfer diagram, that is, to the step whose 
nominal midstep value or nominal step value has the most-positive value. 


NOTE 1: The subscript for the letter symbol of a characteristic at positive full scale is "FS+" (VFs+4, IFS+). 


NOTE 2: In place of a letter symbol, the abbreviation "FS+" is in common use. 


Full-Scale Range, Nominal (of a linear ADC or DAC) (VESRnom: IFSRnom) (See Figure 3) 
The total range in analog values that can be coded with uniform accuracy by the total number of steps with this 
number rounded to the next higher power of 2. 


NOTE: In place of the letter symbols, the abbreviation "FSR(nom)" can be used. 


Example: Using a straight binary n-bit code format, it follows: 
— for an ADC: FSR(nom) = 2 x (nominal value of step width) 
— fora DAC: FSR(nom) = 2 x (nominal value of step height) 


Full-Scale Value, Nominal (VFSnom; !FSnom) 
A value derived from the nominal full-scale range: 
— for a unipolar converter: VFSnom = VFSRnom 
— for a bipolar converter: VFESnom = 1/2 VFSRnom 
(See Figure 3.) 


NOTE 1: Ina few data sheets, this analog value is used as a reference value for adjustment procedures or as 
a rounded value for the full-scale range(s). 


NOTE 2: In place of letter symbols, the abbreviation "FS(nom)" is in common use. 
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Digital 
Output 
Code 


1 


| 
I 
\ 
G) 
Ideal Straight Line 1 
@ i ? 
\ 
= 1 
@ 
0) 
a ! 
AOFR ! 
= 
gp 1 
° 
= \ 
= 
1 
mt | 
5 
' 
pe Vesnom 
' 
Analog Input 
g Value 
_—— — 
a. UNIPOLAR ADC 
Digital Digital 
Output Output 
Code Code 


ee 


- +3 + 
‘ v. 
Vzs Ves + a Vesnom 


V, =Analog Input Value 
b. BIPOLAR ADC WITH TRUE ZERO c. BIPOLAR ADC WITH NO TRUE ZERO 


FIGURE 3. IDEAL STRAIGHT LINE, FULL-SCALE VALUE AND ZERO-SCALE VALUE 
(SHOWN FOR IDEAL LINEAR ADCs) 
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Full-Scale Range, (Practical) (of a linear ADC or DAC) (VFsp, IFSR) (VFSRpr; !FSRpr) (See Figure 3) 
The total range of analog values that correspond to the ideal straight line. 


1 


NOTE 1: The qualifying adjective "practical" can usually be deleted from this term provided that, in a very few 
critical cases, the term "nominal full-scale range" is not also shortened in the same way. This 
permits use of the shorter letter symbols or abbreviations. (See Note 2.) 


NOTE 2: In place of the letter symbols, the abbreviations "FSR" and "FSR(pr)" are in common use. 


NOTE 3: The (practical) full-scale range has only a nominal value because it is defined by the end points of 
the ideal straight line. 


Example: Using a straight binary n-bit code format, it follows: 
— for an ADC: FSR = (2M — 1) x (nominal value of step width) 
— fora DAC: FSR = (29 — 1) x (nominal value of step height) 


Gain Point (of an adjustable ADC or DAC) 
The point in the transfer diagram corresponding to the midstep value (for an ADC) or the step value (for a 
DAC) of the step for which gain error is specified (usually full scale), and in reference to which the gain 
adjustment is performed. (See Figures 4 and 5.) 


General Information 


NOTE: Gain adjustment causes only a change of the slope of the transfer diagram, without changing the 
offset error. 


Ideal Straight Line (of a linear ADC or DAC) 
In the transfer diagram, a straight line between the specified points for the most-positive (least-negative) and 
most-negative (least-positive) nominal midstep values or nominal step values, respectively. (See Figures 1, 2, 
and 3.) 


NOTE: The ideal straight line passes through all the points for nominal midstep values or nominal step values, 
respectively. 


Linear ADC 
An ADC having steps ideally of equal width excluding the steps at the two ends of the total range of analog 
input values. 


NOTE: Ideally, the width of each end steps is one half of the width of any other step. (See Figure 1.) 


Linear DAC 
A DAC having steps ideally of equal height. (See Figure 2.) 


LSB, Abbreviation 
The abbreviation for "Least Significant Bit", that is, for the bit that has the lowest positional weight in a natural 
binary numeral. 


Example: In the natural binary numeral "1010", the rightmost bit "0" is the LSB. 
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NOTE: In the above examples, the offset point is referred to the step with the digital code OOO, and the gain point is referred to the step 
with the digital code 111. 
FIGURE 4. ADJUSTMENT IN OFFSET POINT AND GAIN POINT FOR AN ADC 
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NOTE: In the above examples, the offset point is referred to the step with the digital code OOO, and the gain point is referred to the step 
with the digital code 111. 


FIGURE 5. ADJUSTMENT IN OFFSET AND GAIN POINT FOR A DAC 
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LSB, Unit Symbol (for linear converters only) 
The unit symbol for the magnitude of the analog resolution of a linear converter, which serves as a reference 
unit to express the magnitude of other analog quantities of that same converter, especially of analog errors, as 
multiples or submultiples of the magnitude of the analog resolution. 


Example: '"1/2 LSB" means an analog quantity equal to 0.5 times the analog resolution. 


NOTE: The unit symbol LSB refers to the fact that, for a natural binary code, the analog resolution 
corresponds to the nominal positional weight attributed to the least significant bit of the binary 
numeral. 


In this case, the identity: 
1 LSB = analog resolution 


leads, for an n-bit resolution, to: 


1 LSB = FSR _ FSR(nom) 
ee eee ae an 


Midstep Value (of an ADC) 
The analog value for the center of the step excluding the steps at the two ends of the total range of analog 
input values. 


NOTE: For the end steps, the midstep value is defined as the analog value that results when the analog value 
for the transition to the adjacent step is reduced or enlarged, as appropriate, by half the nominal value 
of the step width. (See Figure 1.) 


Midstep Value, Nominal (of an ADC) 
A specified analog value within a step that is ideally represented free of error by the corresponding digital 
output code. (See Figure 1.) 


Missing Code (of an ADC) 
An intermediate code that is absent when the changing analog input to an ADC causes a multiple code 
change in the digital output. (See Figure 6.) 


Monotonicity (of an ADC or a DAC) 
A property of the transfer function that ensures the consistent increase or decrease of the analog output of a 
DAC or the digital output of an ADC in response to a consistent increase or decrease of the digital or analog 
input, respectively. (Figure 7 illustrates nonmonotonic conversion.) 


NOTE: An intermediate increment with the value of zero does not invalidate monotonicity. 


Multiplying DAC 
A DAC having at least two inputs, at least one of which is digital, and whose analog output value is proportional 
to the product of the inputs. 


Nonlinear ADC or DAC 
An ADC or a DAC with a specified nonlinear transfer function between the nominal midstep values or nominal 
step values, respectively, and the corresponding step widths or step heights, respectively. 


NOTE: The function may be continuously nonlinear or piece-wise linear. 
Offset Point (of an adjustable ADC or DAC) 


The point in the transfer diagram corresponding to the midstep value (for an ADC) or the step value (for a 
DAC) of the step about which the transfer diagram rotates when gain is adjusted. (See Figures 4 and 5.) 


NOTE: Offset adjustment must be performed with respect to this point so that it causes only a parallel 
displacement of the transfer diagram, without changing its slope. 
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FIGURE 7. NONMONOTONIC CONVERSION OF AN ADC OR DAC 
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Resolution (general term) 


NOTE 1: Resolution as a capability can be expressed in different forms: (see "resolution, analog’, 
"resolution, numerical", and "resolution, relative’). 


NOTE 2: Resolution is a design parameter and therefore has only a nominal value. 
NOTE 3: The terms for these different forms may all be shortened to "resolution" if no ambiguity is likely to 
occur (for example, when the dimension of the term is also given). 


Resolution (of an ADC) 
The degree to which nearly equal values of the analog input quantity can be discriminated. 


Resolution (of a DAC) 
The degree to which nearly equal values of the analog output quantity can be produced. 


Resolution, Analog (of a linear or nonlinear ADC or DAC) 
For an ADC: The nominal value of the step width. 
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Fora DAC: The nominal value of the step height. 


NOTE: For a linear ADC or DAC, the constant magnitude of the analog resolution is often used as the 
reference unit LSB. 


Resolution, Numerical 
The number (n) of digits in the chosen numbering system necessary to express the total number of steps. 


NOTE 1: The numbering system is normally a binary or a decimal system. 


NOTE 2: Inthe binary-coded-decimal numbering system, the term "1/2 digit" refers to an additional decimal 
digit with the highest positional value, but limited to the decimal figures "O" or "1" as it is 
represented by only a single bit. This additional digit serves to double the range of values covered 
by the other "n" digits. 


Resolution, Relative (of a linear ADC or DAC) 
The ratio of the analog resolution to the full-scale range (practical or nominal). 


NOTE: This ratio is normally expressed as a percentage of the full-scale range [% of FSR, % of FSR(nom)]. 
For high resolutions (high value of n), it is of little importance whether this ratio refers to the practical or 
nominal full-scale range. 


Step (of an analog-to-digital or digital-to-analog conversion) 
In the conversion code: Any of the individual correlations. 
In the transfer diagram: Any part of the diagram equating to an individual correlation. 


For an ADC, a step represents both a fractional range of analog input values and the corresponding digital 
output code. (See Figure 1.) 


For a DAC, a step represents both a digital input code and the corresponding discrete analog output value. 
(See Figure 2.) 


Step Height (Step Size) (of a DAC) 
The absolute value of the difference in step value between two adjacent steps in the transfer diagram. (See 
Figure 2.) 


NOTE: For companding DACs, the term "step size" is in general use. 
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Step Value (of a DAC) 
The value of the analog output representing a digital input code. (See Figure 2.) 


1 


Step Value, Nominal (of a DAC) 
A specified step value that represents free of error the: corresponding digital input code. (See Figure 2.) 


Step Width (of an ADC) 


The absolute value of the difference between the two ends of the range of analog values corresponding to one 
step. (See Figure 1.) 


Temperature Coefficients of Analog Characteristics («) 


NOTE 1: The letter symbol for the temperature coefficient of an analog characteristic consists of the letter 
symbol «a with a subscript referring to the relevant characteristic. 


Example: Temperature coefficient of the gain error: aEG 


General Information 


NOTE 2: Temperature coefficients are usually specified in "parts per million (relative to the full-scale value) 
per degrees Celsius", that is, in “ppm/°C". 


Zero Scale (of an ADC or a DAC with true zero) (See Figures 3a and 3b) 
A term used to refer a characteristic to the step whose nominal midstep value or nominal step value equals 
zero. 


NOTE 1: The subscript for the letter symbol of a characteristic at zero scale is "ZS". 
NOTE 2: In place of a letter symbol, the abbreviation "ZS" is in common use. 


Zero Scale, Negative (of an ADC or a DAC with no true zero) (See Figure 3c) 
A term used to refer a characteristic to the negative step closest to analog zero. 


NOTE 1: The subscript for the letter symbol of a characteristic at negative zero scale is "ZS—" (VZs-_, 
IZS—). 
NOTE 2: In place of a letter symbol, the abbreviation "ZS—" is in common use. 


Zero Scale, Positive (of an ADC or a DAC with no true zero) (See Figure 3c) 
A term used to refer a characteristic to the positive step closest to analog zero. 


NOTE 1: The subscript for the letter symbol of a characteristic at positive zero scale is "ZS+" (V7S$+, 1ZS+) 
NOTE 2: In place of a letter symbol, the abbreviation "ZS+" is in common use. 


2. STATIC PERFORMANCE 


Accuracy (see ‘Errors’, Part 4) 


Asymmetry, Full-Scale (of a DAC with a bipolar analog range) (AlFss, AVFSs) 
The difference between the absolute values of the two full-scale analog values. 


Compliance, Current (of a DAC) (lO(op)) 
The permissible range of output current within which the specifications are valid. 


Compliance, Voltage (of a DAC) (VO(op)) 
The permissible range of output voltage within which the specifications are valid. 


Errors (see Part 4) 
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SATE LAR LL PETITE TREE AIA EIS I TDS STR POET EE BEY EEN LEP TT ETE LEE LEIE GAS ELBA DERE ELLE SEILER TEIN ELE ALA NET! LELEE DAES IE SIENA REEL BEDS 8 DEEL RITREEIE, 
Supply Voltage Sensitivity, (of a DAC) (ksys) 
The change in full scale output current (or voltage) caused by a change in supply voltage. 


NOTE: This sensitivity is usually expressed as the ratio of the percent change of full-scale current (or voltage) 
to the percent change of supply voltage. 
3. DYNAMIC PERFORMANCE 
Conversion Rate (of an externally controlled ADC) (fc) 
The number of conversions per unit time. 
NOTE 1: The maximum conversion rate should be specified for full resolution. 
NOTE 2: The conversion rate is usually expressed as the number of conversions per second. 


NOTE 3: Due to additionally needed settling or recovery times, the maximum specified conversion rate is 
smaller than the reciprocal of the worst-case conversion time. 


Conversion Time (of an ADC) (tc) 
The time elapsed between the command to perform a conversion and the appearance at the converter output 
of the complete digital representation of the analog input value. 


Delay Time, (Digital) (of a linear or a multiplying DAC) (tq, tad) 
The time interval between the instant when the digital input changes and the instant when the analog output 
passes a specified value that is close to its initial value, ignoring glitches. (See Figure 8.) 


NOTE: For a multiplying DAC, the full term and the additional subscript d must be used to distinguish between 
the digital and the delay time. 


Delay Time, Reference (of a multiplying DAC) (tqr) 
The time interval between the instant when a step change of the reference voltage occurs and the instant 
when the analog output passes a specified value that is close to its initial value. 


Feedthrough Capacitance (CF) 
The value of the capacitance for a specified value of R in an equivalent circuit for the calculation of the 
feedthrough error. 


NOTE: The equivalent circuit consists of a high-pass R-C filter between the reference input and the analog 
output. 


Feedthrough Error (see Part 4) 


Glitch (of a DAC) 
A short, undesirable transient in the analog output occurring following a code change at the digital input. (See 
Figure 8.) 


Glitch Area (of a DAC) 
The time integral of the analog value of the glitch transient. 
NOTE 1: Usually, the maximum specified glitch area refers to a specified worst-case code change. 
NOTE 2: Instead of a letter symbol, the abbreviation "GA" is in use. 
Glitch Energy (of a DAC) 
The time integral of the electrical power of the glitch transient. 
NOTE 1: Usually, the maximum specified glitch energy refers to a specified worst-case code change. 


NOTE 2: Instead of a letter symbol, the abbreviation "GE" is in use. 
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FOR A STEP CHANGE IN THE DIGITAL INPUT CODE 
Pedestal (Error) (Ep) (see Part 4) 
Ramp Delay, Steady-State (of a multiplying DAC) (td(ramp)) 
The time separation between the actual curve of the analog output and the theoretical curve (with no delay) for 
a ramp in reference voltage, after the settling time to steady-state ramp has elapsed. (See Figure 9.) 
Settling Time, Analog (of a DAC) (tsa) 
The time interval between the instant when the analog output passes a specified value and the instant when 
the analog output enters for the last time a specified error band about its final value. (See Figures 8 and 10.) 
Settling Time, (Digital) (of a linear or a multiplying DAC) (ts, tsq) 
The time interval between the instant when the digital input changes and the instant when the analog output 
value enters for the last time a specified error band about its final value. (See Figure 8.) 
NOTE: For a multiplying DAC, the full term and the additional subscript d must be used to distinguish between 
the digital and the settling time. 
Settling Time, Reference (of a multiplying DAC) (tsr) 
The time interval between the instant when a step change of the reference voltage occurs and the instant 
when the analog output enters for the last time a specified error band about its final value. (See Figure 10.) 
NOTE: Specifications for the reference settling time are usually given for the highest allowed step change in 
reference voltage. 
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FIGURE 10. OUTPUT CHARACTERISTICS FOR A STEP CHANGE IN REFERENCE 
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Settling Time to Steady-State Ramp (of a multiplying DAC) (ts(ramp)) 
The time interval between the instant a ramp in the reference voltage starts and the instant when the analog 
output value enters for the last time a specified error band about the final ramp in the output. (See Figure 9.) 


Skewing Time, Internal (of a DAC) 
The difference in internal delay between the individual output transitions for a given change of digital input. 


NOTE: The internal (and external) skew has a major influence on the settling time for critical changes in the 
digital input, for example, for a 1-LSB change from 011...111 to 100...000, and is an important 
source of commutation noise. 


Slew Rate, (Digital) (of a linear or a multiplying DAC) (Som, SOmMp) 
The maximum rate of change of the analog output value when a change of the digital input code causes a 
large step change of the analog output value. (See Figure 8.) 


NOTE 1: For a multiplying DAC, the full term and the additional subscript D must be used to distinguish 
between the digital and the slew rate. 


NOTE 2: The abbreviations "SR" and "SR(dig)" are also used. 


Slew Rate, Reference (of a multiplying DAC) (SomR) 
The maximum rate of change of the analog output following a large step change of the reference voltage. (See 
Figure 10.) 


NOTE: The abbreviation "SR(ref)" is also used. 


4. ERRORS, ACCURACY 


The definitions in this section describe the errors as the difference between the actual value and the nominal 
value of the analog quantity. As such they may be expressed in conventional units (for example, millivolts) or 
as multiples or submultiples of 1 LSB. An error can also be expressed as a relative value, for example, in '"% of 
FSR". In this case, it is common practice to use the same term as for the analog value. 


Absolute Accuracy Error 
Synonym for total error. 


Feedthrough Error (of a multiplying DAC) (EF) 
An error in analog output due to variation in the reference voltage that appears as an offset error and is 
proportional to frequency and amplitude of the reference signal. 


NOTE 1: The specification for the feedthrough error is given for the digital input for which the offset error is 
specified, and for a reference signal of specified frequency and amplitude. 


NOTE 2: This error may also be expressed as a peak-to-peak analog value. 
Full-Scale Error (of a linear ADC or DAC) (EfFs) 


The difference between the actual midstep value or step value and the nominal midstep value or step value, 
respectively, at specified full scale. 


NOTE: Normally, this error specification is applied to converters that have no arrangement for an external 
adjustment of offset error and gain error. 
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General Information 
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Gain Error (of a linear ADC or DAC) (Eq) 


For an ADC: The difference between the actual midstep value and the nominal midstep value in the transfer 
diagram at the specified gain point after the offset error has been adjusted to zero. (See 
Figure 11a.) 


G) ForaDAC: The difference between the actual step value and the nominal step value in the transfer 
© 2 
Po diagram at the specified gain point after the offset error has been adjusted to zero. (See 
@ Figure 11b.) 
® 
_ NOTE: See Notes 1 and 2 under "Offset Error’. 
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FIGURE 11. GAIN ERROR OF A LINEAR 3-BIT NATURAL BINARY CODE CONVERTER 
(SPECIFIED AT STEP 111), AFTER CORRECTION OF THE OFFSET ERROR 


Instability, Long-Term (Accuracy) (AE(At), AE(t)) 
The additional error caused by the aging of the components and specified for a longer period in time. 


Linearity Error, Best-Straight-Line (of a linear and adjustable ADC) (EL (adj)) 
The difference between the actual analog value at the transition between any two adjacent steps and its ideal 
value after offset error and gain error have been adjusted to minimize the magnitude of the extreme values of 
this difference. (See Figure 12a.) 


NOTE 1: The inherent quantization error is not included in the best-straight-line linearity error of an ADC. The 
ideal value for the transition corresponds to the nominal midstep value +1/2 LSB. 


NOTE 2: For a uniformly curved transfer diagram, the extreme values will be very close to half of the 
magnitude of the end-point linearity error. (See Figure 12a.) 
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FIGURE 12. BEST-STRAIGHT-LINE LINEARITY ERROR OF A LINEAR 3-BIT NATURAL 
BINARY-CODED CONVERTER (VALUES BETWEEN + % LSB) 


Linearity Error, Best-Straight-Line (of a linear and adjustable DAC) (EL(adj)) 
The difference between the actual step value and the nominal step value after offset error and gain error have 
been adjusted to minimize the magnitude of the extreme values of this difference. (See Figure 12b.) 


NOTE: For a uniformly curved transfer diagram, the extreme values will be very close to half of the magnitude 
of the end-point linearity error. (See Figure 12b.) 


Linearity Error, Differential (of a linear ADC or DAC) (Ep) 
The difference between the actual step width or step height and the ideal value (1 LSB). (See Figure 13.) 


NOTE: A differential linearity error greater than 1 LSB can lead to missing codes in an ADC or to 
nonmonotonicity of an ADC or a DAC. (See Figures 6 and 7.) 


Linearity Error, End-Point (of a linear and adjustable ADC) (E_:) 
The difference between the actual analog value at the transition between any two adjacent steps and its ideal 
value after offset error and gain error have been adjusted to zero. (See Figure 14a.) 


NOTE 1: The short term “linearity error" is in common use and is sufficient if no ambiguity with the "best- 
straight-line linearity error" is likely to occur. 


NOTE 2: The inherent quantization error is not included in the linearity error of an ADC. The ideal value for 
the transition corresponds to the nominal midstep value +1/2 LSB. 
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FIGURE 13. DIFFERENTIAL LINEARITY ERROR OF A LINEAR ADC OR DAC 
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Analog 
Digital Output 
Output Value 1 
Code (LSB) 


(ot 
we 3 
110 Ideal a aa) 6 2 
Transition eg es ' a 
1) ! © 
ye ! 
101 ed ° E 
Actual \ ee 
Transition 2 
100 At Transition ! ‘2 » (+ % LSB c 
011/100 mse, aE — 
JAA i fo < 
| 4 
7 ha? End-Point Lin. Error ® 
010 ‘arses stead End-Point Lin. Error ' 2 rf c 
| 
2 P. ! ree o 
su | 5 
001 eae At Transition 001/010 ‘ 1 ae At Step 001 


(+ % LSB) 


0 
6) 1 2 3 4 5 6 7 0600. 001" -010:- “O17 100 101 110 111 
Analog Input Value (LSB) Digital Input Code 
a. ADC b. DAC 


FIGURE 14. END-POINT LINEARITY ERROR OF A LINEAR 3-BIT NATURAL BINARY-CODED ADC OR DAC 
(OFFSET ERROR AND GAIN ERROR ARE ADJUSTED TO THE VALUE ZERO) 


Linearity Error, End-point (of a linear and adjustable DAC) (EL) 
The difference between the actual step value and the nominal step value after offset error and gain error have 
been adjusted to zero. (See Figure 14b.) 


NOTE: The short term "linearity error" is in common use and is sufficient if no ambiguity with the "best-straight- 
line linearity error" is likely to occur. 


Offset Error (of a linear ADC or DAC) (Eo) 


Foran ADC: The difference between the actual midstep value and the nominal midstep value at the offset 
point. (See Figure 15a.) 


Fora DAC: The difference between the actual step value and the nominal step value at the offset point. 
(See Figure 15b.) 


NOTE 1: Usually, the specified steps for the specification of offset error and gain error are the steps at the 
ends of the practical full-scale range. For an ADC, the midstep value of these steps is defined as 
the value for a point 1/2 LSB apart from the adjacent transition. (See Figures 11 and 15.) 


NOTE 2: Theterms "offset error and "gain error’ should be used only for errors that can be adjusted to zero. 
Otherwise, the terms "zero-scale error’ and "full-scale error’ should be used. 


Pedestal (Error) (Ep) 
A dynamic offset error produced in the commutation process. 
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Analog 
Digital Output 
Output Value 
Code (LSB) Prd 
ad 
G) " 
/? 7 ri 
5 ; aes 
/ 7 
7 4 
© 011 Game Me ae 3 Actual ae A) 
0 oo Dia aa Pa 
pe) ! g y 
rae Is ' ,. / 
“) ° / 
@ , 
S. p10 Ideal a es SER ae 2 * s 
oy i bot sf et Actual Ya , 
‘e) Diagram rs 1 ; 7 be . 
om \7 ; Actual Offset $ . Idea 
~ a Diagram Point pa Ts As Diagram 
® 001 1 o 
a s, Offset Error 
2 r (+1% LSB) 
Analog Digital 
000 Output Input 
Value Code 
Nominal Actual pias Hane 
Offset Offset Offset Point 
Point Point 
Offset Error 
(+1% LSB) 
a. ADC b. DAC 


FIGURE 15. OFFSET ERROR OF A LINEAR 3-BIT NATURAL BINARY CODE CONVERTER 
(SPECIFIED AT STEP 000) 


Quantization Error, Inherent (of an ideal ADC) 


Within a step, the maximum (positive or negative) possible deviation of the actual analog input value from the 
nominal midstep value. 


NOTE 1: This error follows necessarily from the quantization procedure. For a linear ADC, its value equals 
+1/2 LSB. (See Figure 1.) 


NOTE 2: Theterm "resolution error" for the "inherent quantization error' is deprecated, because "resolution" 
as a design parameter has only a nominal value. 


Rollover Error (of an ADC with decimal output and auto-polarity) (ERO) 
The difference in output readings with the analog input switched between positive and negative values of the 
same magnitude (close to full scale). 


Total Error (of a linear ADC) (ET) 


The maximum difference (positive or negative) between an analog value and the nominal midstep value within 
any step. (See Figure 16a.) 


NOTE 1: If this error is expressed as a relative value, the term "relative accuracy error" should be used 
instead of "absolute accuracy error’. 


NOTE 2: This error includes contributions from offset error, gain error, linearity error, and the inherent 
quantization error. 
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Analog 
Digital Output 
Output Value 1 
Code (LSB) 
Ps 
— ’ “ p = 
One Wa 3 ‘ 
eG ie 2 
Ps "i : = 
0..2140 rs “¢ 6 /e s pad 
| is . ee: 
i 9" : es Wi = 
0...101 ——— © 7 ; ven 
e Pd 4 ‘@) 
once. : - f Total Error = 
ice ty y . a At Step 0...011 = 
‘ . Total Error . 47 ton 
ae / (41% LSB) owe 
0240 1.1 ated At Step 0...101 & w a 
Re (—1% LSB) : D 
0...010 ee - 
we Total Error ro} 
0...001 ae At Step 0...001 
fers sae (+% LSB) 
Oi 


Analog Input Value (LSB) 
Digital Input Code 


a. ADC b. DAC 
FIGURE 16. ABSOLUTE ACCURACY ERROR, TOTAL ERROR OF A LINEAR ADC OR DAC 
Total Error (of a linear DAC) (ET) 


The difference (positive or negative) between the actual step value and the nominal step value for any step. 
(See Figure 16b.) 


NOTE 1: lf this error is expressed as a relative value, the term "relative accuracy error’ should be used 
instead of "absolute accuracy error’. 


NOTE 2: This error includes contributions from offset error, gain error, and linearity error. 


Zero-Scale Error (of a linear ADC or DAC) (Ezs) 
The difference between the actual midstep value or step value and the nominal midstep value or step value, 
respectively, at specified zero scale. 


NOTE: Normally, this error specification is applied to converters that have no arrangement for an external 
adjustment of offset error and gain error. 
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A/D and D/A Converters 
Switched-Capacitor Filters 

DSP Analog Interface Circuits 
Analog Switches and Multiplexers 


Advanced LinCMOS”™ Silicon-Gate 
Technology 


Easily Interfaced to Microprocessors 
On-Chip Data Latches 


Monotonicity Over Entire A/D Conversion 
Range 


Segmented High-Order Bits Ensure Low- 
Glitch Output 


Designed to be Interchangeable with Analog 
Devices AD7524, PMI PM-7524, and Micro 
Power Systems MP7524 


N PACKAGE 
(TOP VIEW) 


AD7524J ... FN PACKAGE 


AD7524 
Advanced LinCMOS™ 8-BIT MULTIPLYING 
DIGITAL-TO-ANALOG CONVERTER 


D3100, APRIL 1988 


2 


(TOP VIEW) 
, ; ae ‘ ” 
Fast Control Signaling for Digital Signal ou se ~ 
Processor Applications Including Interface 550 fu ~ 
; 20 OPrOre 1 te 
with TMS3 ted aia ER — 
372°" 20099 dp) 
18 [ 
KEY PERFORMANCE SPECIFICATIONS ee PR of VDD s 
Resolution 8 Bits DB7 5 ie WR © 
Linearity error Y2 LSB Max NC [6 NC a) 
mage DB6 [7 SU CS 
Power dissipation 5 ANS Wha 1471 DBO 
at Vpp = 5 V DBS [8 
Settling time 100 ns Max ates 
Propagation delay 80 ns Max ~ M4 s ee 
Qa ree os 
Fee NC —No internal connection 
description 
The AD7524 is an Advanced LinCMOS”™ 8-bit digital-to-analog converter (DAC) designed for easy interface 
to most popular microprocessors. 
The AD7524 is an 8-bit multiplying DAC with input latches and with a load cycle similar to the ‘‘write’’ 
cycle of a random access memory. Segmenting the high-order bits minimizes glitches during changes in 
the most-significant bits, which produce the highest glitch impulse. The AD7524 provides accuracy to 
¥2 LSB without the need for thin-film resistors or laser trimming, while dissipating less than 5 mW typically. 
Featuring operation from a 5-V to 15-V single supply, the AD7524 interfaces easily to most microprocessor 
buses or output ports. Excellent multiplying (2 or 4 quadrant) makes the AD7524 an ideal choice for many 
microprocessor-controlled gain-setting and signal-control applications. 
The AD7524A is characterized for operation from — 25°C to 85°C, and the AD7524J is characterized 
for operation from O°C to 70°C. 
AVAILABLE OPTIONS 
PACKAGE TEMPERATURE 
DEVICE 
SUFFIXES RANGE 
AD7524A N —~25°C to 85°C 
AD7524J N, FN 6°G to- 760°C 
Advanced LinCMOS is a trademark of Texas Instruments Incorporated. 
PRODUCTION DATA documents contain information 7 Copyright © 1988, Texas Instruments Incorporated 
current as of publication date. Products conform to | 
specifications per the terms of Texas Instruments TEXAS 2-3 


standard yeh Production processing does not 
necessarily include testing of all parameters. 
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AD7524 
Advanced LinCMOS™ 8-BIT MULTIPLYING 
DIGITAL-TO-ANALOG CONVERTER 


functional block diagram 


Vpp 


RFB 


OUT1 


OUT2 


GND 


sja0us eleg BW 


DATA INPUTS 


operating sequence 
a CS ee th(CS) 
be | 
CS \ | / 


| 
¢——— tw(wR) >| 
1 | 


| 
sa) SEE res SE | 
}¢— tsu(D) —> 


7 th(D) 


DBO-DB7 {+ 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


SeORIE HE NEMS AF OUC AGI; NG VE Poses cise (-5 5 askew is cae ta ahe LBA pe IE ae ak. yes tg NE» eae ae OSM tty 
wWeiLene Detwenl- Armond GND >) A655) 46 eos 2 So eee ao ii ee eee +25 
PHEMteI Ott VOUAUG Est i nolan ee die O ae aia ete das Oo es -0.3 V to Vpp +0:3-¥ 
Seer Trea Gl VONPRLIR SV phe et to pots pee og as aoe he ee fe A Bae sel ip aaa -25.¥ 
RCNE CHa IEICE OURPOTIE, WE ys kos ticca sy ace os SDS cage ee he edie es ae ee 10 nA 
Operating free-air temperature range: AD7524A ............ 00.22.00. ee eee — 25°C tersart 

REN GCE | tl RRO erctigcey cuir tone ca a, 9 Rena iag fe arr ie et. O° €40.:7076 
SLOt nce THI IetATULA FA 98 ae es ho nex id, ae ee ad see RM ee ee —65°C to: TSG" 
Case temperature tor 10. seconds: “FN package iia eS A ee 6 eee ee 260°° 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: N package ............ 260°C 
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Advanced LinCMOS™ 8-BIT MULTIPLYING 
DIGITAL-TO-ANALOG CONVERTER 


recommended operating conditions 


Supply voltage, Vpp 


Reference voltage, Vref 


High-level input voltage, Vijy 3.5 


fa7s 8 5.25|145 15185 | 


CS setup time, tsy(Cs) 
CS hold time, thics) 


Data bus input setup time, tsgy(p) 


5 : 
ph 


Data bus input hold time, th(p) 


Pulse duration, WR low, twiwr) 


; : AD7524A 85 85 
Operating free-air temperature, Ta 
: AD7524J @) 70 6) 


electrical characteristics over recommended operating free-air temperature range, Vref = 10 V, OUT1 


and OUT2 at GND (unless otherwise noted) 
pp sie UNIT 
MIN TYP MAX 


Vpp = 5V 
PARAMETER TEST CONDITIONS MIN TYP MAX 
High-level input Full range 
| Vi = V A 
IL jes 


~ 
jo) 


Data Sheets 


Rel ee Ree ae eS See eee 
oat Ee Ee ae eee! saeeerce he Ree 
| V 6) pA 
DBO-DB7 at 0, WR 
rake Full range +400 + 200 
OUT1 and CS atO V, 
n 
OUT2 WR and CS at 0 V, 
Zoek + 50 + 50 
V 
Quiescent mA 
IpDp Supply current 
Standby pA 
Supply voltage sensitivity, 0.01 0.16 0.005 0.04 
ksyvs sca : ‘ AVpp = 10% : %/% 
Again/AVpp 0.002 0.08 0.001 0.02 
Input capacitance, 
OF Sart pa V; = 0 5 5 pF 
> DBO-DB7, WR, CS 
Se eee ae ee 
- at O, an ad 
Output our? ; 
Oo p 
capacitance | OUTI Sa 
Pee OUR yaaa yar Vpp, WR and CS at OV 
our? 
Reference input impedance 
5 20 5 20 kQ 
(REF to GND) 
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AD7524 
Advanced LinCMOS™ 8-BIT MULTIPLYING 
DIGITAL-TO-ANALOG CONVERTER 


operating characteristics over recommended operating free-air temperature range, Vref = 10 V, OUT1 
and OUT2 at GND (unless otherwise noted) 


PARAMETER TEST CONDITIONS CC DD 


entivenee ek he Te eel | 0.2 | FSR 


Full range : +0.6 
Gain error See Note 1 %FSR 
7 505 


Settling time (to 1/2 LSB) See Note 2 100 100 
Propagation delay from digital input to 90% 

See Note 2 ns 
of final analog output current 


Ht | H+ 
+1-}O 
SES) 


0.5 0.5 


Vref = +10 V (100 kHz Full range 


sinewave), WR and CS at O, 
25°36 0.25 0.25 
DBO-DB7 at O 


Temperature coefficient of gain Ta = 25°C to tmin OF tmax +0.004 +0.001 |%FSR/°C 


NOTES: 1. Gain error is measured using the internal feedback resistor. Nominal Full Scale Range (FSR) = Vref — 1 LSB. 
2. OUT1 load = 100 2, Cex = 13 pF, WR at O V, CS at 0 V, DBO-DB7 at O V to Vpp or Vpp to 0 V. 


Feedthrough at OUT1 or OUT2 %FSR 


PRINCIPLES OF OPERATION 


$}99Y4S Pied Bw 


The AD7524 is an 8-bit multiplying D/A converter consisting of an inverted R-2R ladder, analog switches, 
and data input latches. Binary weighted currents are switched between the OUT1 and OUT2 bus lines, 
thus maintaining a constant current in each ladder leg independent of the switch state. The high-order 
bits are decoded and these decoded bits, through a modification in the R-2R ladder, control three equally 
weighted current sources. Most applications only require the addition of an external operational amplifier 
and a voltage reference. 


The equivalent circuit for all digital inputs low is seen in Figure 1. With all digital inputs low, the entire 
reference current, lref, is switched to OUT2. The current Source I/256 represents the constant current 
flowing through the termination resistor of the R-2R ladder, while the current source lIkg represents leakage 
currents to the substrate. The capacitances appearing at OUT1 and OUT2 are dependent upon the digital 
input code. With all digital inputs high, the off-state switch capacitance (30 pF maximum) appears at OUT2 
and the on-state switch capacitance (120 pF maximum) appears at OUT1. With all digital inputs low, the 
situation is reversed as shown in Figure 1. Analysis of the circuit for all digital inputs high is similar to 
Figure 1; however, in this case, lref would be switched to OUT1. 


Interfacing the AD7524 D/A converter to a microprocessor is accomplished via the data bus and the CS 
and WR control signals. When CS and WR are both low, the AD7524 analog output responds to the data 
activity on the DBO-DB7 data bus inputs. In this mode, the input latches are transparent and input data 
directly affects the analog output. When either the CS signal or WR signal goes high, the data on the 
DBO-DB7 inputs are latched until the CS and WR signals go low again. When CS is high, the data inputs 
are disabled regardless of the state of the WR signal. 


The AD7524 is capable of performing 2-quadrant or full 4-quadrant multiplication. Circuit configurations 
for 2-quadrant or 4-quadrant multiplication are shown in Figures 2 and 3. Input coding for unipolar and 
bipolar operation are summarized in Tables 1 and 2, respectively. 
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Advanced LinCMOS™ 8-BIT MULTIPLYING 
DIGITAL-TO-ANALOG CONVERTER 


PRINCIPLES OF OPERATION 


RB 


OUT1 


lrefp —> 


REF 


FIGURE 1. AD7524 EQUIVALENT CIRCUIT WITH ALL DIGITAL INPUTS LOW 


Vref VDD 


Ra = 2ki 
(See Note 3) 


Data Sheets Bp 


C (See Note 4) 


OUTPUT 


Dy 


FIGURE 2. UNIPOLAR OPERATION (2-QUADRANT MULTIPLICATION) 


Vref VpD 


Ra = 2k? 
(See Note 3) 


GC 
(See Note 4) 


OUTPUT 


DBO-DB7 PRBS 


Z| 3 
po] ame?) 


FIGURE 3. BIPOLAR OPERATION (4-QUADRANT OPERATION) 


NOTES: 3. Ra and Rep used only if gain adjustment is required. 
4. C phase compensation (10-15 pF) is required when using high-speed amplifiers to prevent ringing or oscillation. 
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PRINCIPLES OF OPERATION 
Table 1. Unipolar Binary Code Table 2. Bipolar (Offset Binary) Code 


DIGITAL INPUT DIGITAL INPUT 
(SEE NOTE 5) ANALOG OUTPUT (SEE NOTE 6) ANALOG OUTPUT 
MSB LSB 


MSB- LSB 
11111111 — Vref (255/256) 11111111 Vref (127/128) 


10000001 — Vref (129/256) 


10000001 Vref (1/128) 
10000000 0 

01111111 —Vref (1/128) 
00000001 ~ Vref (127/128) 
00000000 Vine 


10000000 — Vref (128/256) = —Vres/2 
01111111 ~ Vref (127/256) 

00000001 — Vref (1/256) 

00000000 0 


2 


NOTES: 5. LSB = 1/256 (Vref). 


microprocessor interfaces 


DATA BUS 


s}@9US e}eG 


DECODE 
LOGIC 


FIGURE 4. AD7524—Z-80A INTERFACE 


DATA BUS 


DECODE 
LOGIC 


A 
ADDRESS BUS 


FIGURE 5. AD7524—6800 INTERFACE 
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microprocessor interfaces (continued) 


ADDRESS BUS sa 


DECODE 
LOGIC 


cs 
OUT1 
WR AD7524 


OUT2 


DBO-DB7 


ADO-AD7 ADDRESS/DATA BUS 


FIGURE 6. AD7524—8051 INTERFACE 


Data Sheets a 
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AD7528 
Advanced LinCMOS™ DUAL 8-BIT MULTIPLYING 
DIGITAL-TO-ANALOG CONVERTER 


D3112, JULY 1988 


@® Advanced LinCMOS” Silicon-Gate N PACKAGE 
Technology (TOP VIEW) 


@ Easily Interfaced to Microprocessors 
On-Chip Data Latches 


Monotonic Over the Entire A/D Conversion 
Range 


@ Designed to be Interchangeable with Analog 
Devices AD7528 and PMI PM-7528 


@ Fast Control Signaling for Digital Signal 
Processor Applications Including Interface 2 
with TMS320 
FN PACKAGE 3 
KEY PERFORMANCE SPECIFICATIONS (TOP VIEW) @ 
Resolution 8 bits aon ® 
Linearity Error 1/2 LSB Fite Ee ~ 
RS fo) Oral ” 
Power Dissipation at Vpp = 5 V 5 mW Og Oe 
Settling Time at Vpp = 5 V 100 ns me & 
| =5V 9°) 
Propagation Delay at Vpp 5 80 ns REFAT 4 18[] REFB a 
eee DGND [5 17) VDD 
description PP APE, ate 
P DACA/DACB [J 6 16L] WR 
The AD7528 is a dual 8-bit digital-to-analog (MSB)DB7 [1 7 15U] CS 
converter designed with separate on-chip data DB6 [8 14} DBO(LSB) 
latches and featuring excellent DAC-to-DAC 9 101112 13 
matching. Data is transferred to either of the two 
DAC data latches via a common 8-bit input port. = a ra = a 
Control input DACA/DACB determines which 
DAC is to be loaded. The ‘‘load’’ cycle of the 
AD7528 is similar to the ‘‘write’’ cycle of a random-access memory, allowing easy interface to most popular 
microprocessor busses and output ports. Segmenting the high-order bits minimizes glitches during changes 
in the most significant bits, where glitch impulse is typically the strongest. 
The AD7528 operates from a 5-V to 15-V power supply and dissipates less than 15 mW (typical). Excellent 
2- or 4-quadrant multiplying makes the AD7528 a sound choice for many microprocessor-controlled gain- 
setting and signal-control applications. 
The AD7528B is characterized for operation from —25°C to 85°C. The AD7528K is characterized for 
operation from O°C to 70°C. 
AVAILABLE OPTIONS 
PACKAGE| TEMPERATURE 
DEVICE 
AD7528B FN, N — 25°C to 85°C 
AD7528K FN, N °C to: 70°C 
Advanced LinCMOS is a trademark of Texas Instruments Incorporated. 
PRODUCTION DATA documents contain information ij Copyright © 1988, Texas Instruments Incorporated 
current as of publication date. Products conform to 
specifications per “ vite of Texas ee TEXAS t 2-11 
standard warranty. Production processing does not 
necessarily include testing of all parameters. INSTRUMENTS 
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functional block diagram 


(14) 


Oo 
ie] 
oO 


RFBA 


OUTA 
DATA 


INPUTS 


DB7 !7) AGND 
RFBB 
8 OUTB 
DACA/DACB 
34146 
wr (18! 


ee ces 


sj90us e1eq BS 


operating sequence 


lt ——— tsu(cs) ——>}—F tics) 


cs | 
|e ——— tsu(DAc) ——e—— $+ thiDAc) 
| | 
DACA/DACB | 
t——twiwr)—>I 
an | 
WR | 


¢— tsu0) ery thio) 
DBO-DB7 DATA IN STABLE 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


mune woOrace:: VIbI) (to‘AGINeLOMNSNL) vy ete ee. aba Se Fea —OSE¥ to. FF 
RECEPTION SUM T PRLTINGP AGA TCH 5 hoc a eg ce clas oe le GS VAC ee o's 8 glen wae ee +Vpp 
oR NCL AIAEN WA TEA OCMIN EO og same oe Margene aide sly) ale bby ee eemibee alt de —0.3 V to Vpp + 0.3 V 
merererce voage, VrafA OF Vea io AGND) 1 ee Sa ee es i eee Zany 
nemanecn-VolLaco, VREBA ‘On Vite {tO OND) ood es atinge ee ce we eat oe eae £25 u¥ 
ee VONOCS Sry Nt. VCR eOCR NT 32621 esha es i ea ee kv ee wh we Oe ee + 25°¥ 
REDE BAD” SSE ian pa Feo Gr Beane ea AP Fendt 2 - st ge Nl oat MPR REE teenie oy 10 pA 
Operating free-air temperature range: AD7528B .....................00.04. ~25°C:to 85°C 
PAD ot PAIN os dag kG a aoa O°C to°70% 
Ere COMPCLOUTe TANCE. 20ihiuly dined «5c tes ee eee tal e Secat s,s act And s —- 65°C to. J50o6 2? 
Casoiemperacure tor. 10-seconds* “PN backaue... vo aa es O09 ee 260°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: N package ............ 260°C 


recommended operating conditions 


” 
~ 
® 
® 
Bem 
op) 
© 
~ 
© 
a) 


0 care ae : r AD7528B —29 85 en 85 oC 
t - ' 
perating free-air temperature, Ta AD7528K 3 i 5 =n 
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electrical characteristics over recommended operating temperature range, VrefA = VrefB = 10 V, 
VOA and Vog at 0 V (unless otherwise noted) 


Vpp = 5V | Vpp = 15 V 
PARAMETER TEST CONDITIONS UNIT 
CmIN MAX | MIN MAX 
rok ee hee ate apn ae Races? Full Range o's 10s ks AOS 
igh-level in curren = 
Peas ee Price ghee seg ih be aie 
lj, Low-level input current Vv; = 0 
Reference input impedance 
(Pin 15 to GND) 


pA 


co 
wa 
ol 
co 
ak 
o1 
x 
~~ 


DAC data latch loaded with Full Range 
2 00000000, Veta = *10V 
kg Output leakage current nA 
DAC data latch loaded with Full Range 
= 00000000, Vreie = +10 V 
Input resistance match 
a p +1% +1% 
5 (REFA to REFB) 
DC supply sensitivit FullRange| = 0.04 | si. 
n weirs : Vop = +10% % 1% 
DQ | sgaiavon 
: DBO-DBT at Vigmin or Viiman 
| bp Supply cu Standby DBO-DB7 at 0 Vor Vop 
if 
080-087 
C; Input capacitance Vi; = Oorv F 
C Output capacitance DAC Data latches loaded with OOOOO0O000 F 
°  (OUTA, OUTB) DAC Data latches loaded with 11111111 3 
Texas W 
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operating characteristics over recommended operating free-air temperature range, 
VrefA = VrefB = 10 V, VOA and Vog at O V (unless otherwise noted) 


PARAMETER TEST CONDITIONS Yop. = oy 
MIN. TYP MAX | MIN. TYP MAX 


Sete 
Setting time (t9 1/2 156) 


Gain error See Note 2 es: 
: 


ee cule 
AC feedthrough See Note 3 ge 65 

See eee 
Temperature coefficient of gain [| Tk ee Cs 


Propagation delay (from digital input to 
; See Note 4 ns 
90% of final analog output current) 


Channel-to-channel| REFA to OUTB 77 


Measured for code transition from 
Digital-to-analog glitch impulse area 00000000 to 11111111, 

Ta = 25°C 
Measured for code transition from 
00000000 to 11111111, 
TAS 2a 


NOTES: 1. OUTA, OUTB load = 100 2, Cext = 13 pF; WR and CS at O V; DBO-DB7 at O V to Vpp or Vpp to 0 V. 

2. Gain error is measured using an internal feedback resistor. Nominal Full Scale Range (FSR) = Vref — 1 LSB. 

3. Vref = 20 V peak-to-peak, 100-kHz sine wave; DAC data latches loaded with OOOOO00. 

4. VrefA = VrefB = 10 V; OUTA/OUTB load = 1002, Cex = 13 pF; WR and CS at O V; DBO-DB7 at 0 V to Vpp or Vpp to OV. 
5 

6 


NO 


Digital crosstalk glitch impulse area 


Data Sheets 


. Both DAC latches loaded with 11111111; Vrefa = 20 V peak-to-peak, 100-kHz sine wave; Vrefg = O. 
. Both DAC latches loaded with 11111111; Vrefg = 20 V peak-to-peak, 100-kHz sine wave; VrefA = O. 


principles of operation 


The AD7528 contains two identical 8-bit multiplying D/A converters, DACA and DACB. Each DAC consists 
of an inverted R-2R ladder, analog switches, and input data latches. Binary-weighted currents are switched 
between DAC output and AGND, thus maintaining a constant current in each ladder leg independent of 
the switch state. Most applications require only the addition of an external operational amplifier and voltage 
reference. A simplified D/A circuit for DACA with all digital inputs low is shown in Figure 1. 


Figure 2 shows the DACA equivalent circuit. A similar equivalent circuit can be drawn for DACB. Both 
DACs share the analog ground pin 1 (AGND). With all digital inputs high, the entire reference current flows 
to OUTA. A small leakage current (Iikg) flows across internal junctions, and as with most semiconductor 
devices, doubles every 10°C. Co is due to the parallel combination of the NMOS switches and has a value 
that depends on the number of switches connected to the output. The range of Co is 50 pF to 120 pF 
maximum. The equivalent output resistance ro varies with the input code from 0.8R to 3R where R is 
the nominal value of the ladder resistor in the R-2R network. 


Interfacing the AD7528 to a microprocessor is accomplished via the data bus, CS, WR, and DACA/DACB 
control signals. When CS and WR are both low, the AD7528 analog output, specified by the DACA/DACB 
control line, responds to the activity on the DBO-DB7 data bus inputs. In this mode, the input latches are 
transparent and input data directly affects the analog output. When either the CS signal or WR signal 
goes high, the data on the DBO-DB7 inputs is latched until the CS and WR signals go low again. When 
CS is high, the data inputs are disabled regardless of the state of the WR signal. 


The digital inputs of the AD7528 provide TTL compatibility when operated from a supply voltage of 5 V. 
The AD7528 may be operated with any supply voltage in the range from 5 V to 15 V, however, input 
logic levels are not TTL compatible above 5 V. 
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AD7528 
Advanced LinCMOS™ DUAL 8-BIT MULTIPLYING 
DIGITAL-TO-ANALOG CONVERTER 


VREF A 


FIGURE 1. SIMPLIFIED FUNCTIONAL CIRCUIT FOR DACA 
5 
na RFBA 
pe) 
_ VREFA OUTA 
@ 
4°) 
o> 
” 
FIGURE 2. AD7528 EQUIVALENT CIRCUIT, DACA LATCH LOADED WITH 11111111. 
MODE SELECTION TABLE 
L = low level, H = high level, X = don‘tcare 
U 
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AD7528 
Advanced LinCMOS™ DUAL 8-BIT MULTIPLYING 
DIGITAL-TO-ANALOG CONVERTER 


TYPICAL APPLICATION DATA 


The AD7528 is capable of performing 2-quadrant or full 4-quadrant multiplication. Circuit configurations 
for 2-quadrant and 4-quadrant multiplication are shown in Figures 3 and 4. Input coding for unipolar and 
bipolar operation are summarized in Tables 1 and 2, respectively. 


Vi(A) 
+10V 


R1 (See Note 1) 
RFBA 


R2 (See Note 1) 


(17) 
(14) fi DBO REFA 
8 
e 4 INPUT 
ne BUFFER sail ge Von 2 
(7) © pB7 ® 
| © 
j DACA! Y) 
(6) -DACB 
(15) °CS CONTROL C2 (See Note 2) & 
(16) | WR tai = 
LATCH DACB ee | ‘ Q 
g B 
= AGND 
RECOMMENDED TRIM R3 (See Note 1) 
RESISTOR VALUES 
Vi(B) 
R1, R3 500 2 +10 V 


R2, R4 150 2 


NOTES: 1. R1, R2, R3, and R4 are used only if gain adjustment is required. See table for recommended values. Make gain adjustment 
with digital input of 255. 
2. C1 and C2 phase compensation capacitors (10 pF to 15 pF) are required when using high-speed amplifiers to prevent ringing 
or oscillation, 


FIGURE 3. UNIPOLAR OPERATION (2-QUADRANT MULTIPLICATION) 
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TYPICAL APPLICATION DATA 


Vi(A) 
+10V 


R6 (See Note 2) 


R1 (See Note 1) 
R2 (See Note 1) 


(See 
Note 2) 
INPUT R7 


; R5 
BUFFER ee | 


C1 (See Note 3) 


DACA! 

. (6) loace 

Q) (15) 'CS CONTROL RB 

o (16) "WR LOGIC 

‘ 

Y pat 

ro pS GE pe en eee ON aes BEN & DR <i, 

4°) = AGND 

s) R3 (See Note 1) (See Note 2) R12 

ob R10 . 

1d) 5 kt) 
+10 V mene = 
Vi(B) 


NOTES: 1. R1, R2, R3, and R4 are used only if gain adjustment is required. See table in Figure 3 for recommended values. Adjust R1 
for Vga = O V with code 10000000 in DACA latch. Adjust R3 for Vog = O V with 10000000 in DACB latch. 
2. Matching and tracking are essential for resistor pairs R6, R7, R9, and R10. 
3. C1 and C2 phase compensation capacitors (10 pF to 15 pF) may be required if A1 and A3 are high-speed amplifiers. 


FIGURE 4. BIPOLAR OPERATION (4-QUADRANT OPERATION) 


TABLE 1. UNIPOLAR BINARY CODE TABLE 2. BIPOLAR (OFFSET BINARY) CODE 


DAC LATCH CONTENTS 
ANALOG OUTPUT 
MSB LsBt 


VEDRAN —Vj (255/256) 
10000001 —Vj (129/256) 


DAC LATCH CONTENTS 
ANALOG OUTPUT 
MSB LsBt 


Sra ot Vj (127/128) 
10000001 Vj (1/128) 
10000000 ~V; (128/256) = —V;/2 
OMe ~V; (127/256) 
00000001 ~V; (1/256) 
00000000 ~V; (0/256) = O 


10000000 OV 
OMe —Vj (1/128) 
00000001 — Vj (127/128) 
00000000 -Vj (128/128) 


'4LsB = (2—8)v; #4 LSB = (2-7)V; 
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TYPICAL APPLICATION DATA 


microprocessor interface information 


ard 


ADDRESS 
DECODE 


AD7528 


DATA BUS 


NOTE: A = decoded address for AD7528 DACA. 
A+1 = decoded address for AD7528 DACB. 


FIGURE 5. AD7528 — INTEL 8051 INTERFACE 


DACA/DACB 


cs 
AD7528 


A 
& 


LOGIC 
ame i 
DATA BUS 


NOTE: A = decoded address for AD7528 DACA. 
A+ 1 = decoded address for AD7528 DACB. 


FIGURE 6. AD7528 — 6800 INTERFACE 
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TYPICAL APPLICATION DATA 


aw en dS 


ADDRESS 
DECODE 
LOGIC 


sjaays eleq ES 


NOTE: A = decoded address for AD7528 DACA. 
A+1 = decoded address for AD7528 DACB. 


FIGURE 7. AD7528 TO Z-80A INTERFACE 


programmable window detector 


The programmable window comparator shown in Figure 8 will determine if voltage applied to the DAC 
feedback resistors are within the limits programmed into the AD7528 data latches. Input signal range 
depends on the reference and polarity, that is, the test input range is O to — Vref. The DACA and DACB 
data latches are programmed with the upper and lower test limits. A signal within the programmed limits 
will drive the output high. 


Tk? 


DATA 
INPUTS 


PASS/FAIL 
OUTPUT 


FIGURE 8. DIGITALLY PROGRAMMABLE WINDOW COMPARATOR (UPPER- AND LOWER-LIMIT TESTER) 
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TYPICAL APPLICATION DATA 


digitally controlled signal attenuator 


Figure 9 shows the AD7528 configured as a two-channel programmable attenuator. Applications include 
stereo audio and telephone signal level control. Table 3 shows input codes vs attenuation for aO to 15.5 dB 


range. 
Attenuation db = —20 log19 D/256, D = digital ilnput code 
(17) (3) 
VDD cca {~ RFBA 
(4) OUTA 2 
VinA joaca OUTPUT 
be 
aM, ® 
DBO © 
. aS DATA BUS c 
AD7528 DB7 H 
eg fs) 

WR (16) & 
(6) | © 
(18) a) 


(20) 
VOB << 


V RFBB 
(19) 


FIGURE 9. DIGITALLY CONTROLLED DUAL TELEPHONE ATTENUATOR 


TABLE 3. ATTENUATION vs DACA, DACB CODE 


CODE IN CODE IN 
ATTN(dB) DAC INPUT CODE ATTN(dB) DAC INPUT CODE 
DECIMAL DECIMAL 
O 11111111 255 8.0 01100110 102 
0.5 11110010 242 8.5 01100000 96 
1.0 11100100 228 9.0 01011011 91 
r.5 11010111 2tS 9.5 01010110 86 
2.0 11001011 203 10.0 01010001 81 
oS 11000000 192 TO.5 01001100 76 


J 10110101 181 11.0 01001000 72 


10101011 171 LE 01000100 


6) 
35 68 
4.0 10100010 162 12.0 01000000 64 
5 6 


4. 10011000 152 12.5 00111101 1 


9.5 10001000 136 13.5 00110110 54 


; 
7.0 01110010 114 15.0 00101110 46 
ie 01101100 108 1&5 00101011 43 
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TYPICAL APPLICATION DATA 


programmable state-variable filter 


This programmable state-variable or universal filter configuration provides low-pass, high-pass, and band- 
pass outputs, and is suitable for applications in which microprocessor control of filter parameters is required. 


As shown in Figure 10, DACA1 and DACB1 control the gain and QO of the filter while DACA2 and DACB2 
control the cutoff frequency. Both halves of the DACA2 and DACB2 must track accurately in order for 
the cutoff-frequency equation to be true. With the AD7528, this is easily achieved. 


1 


fo ee 
2 C= On RI Cl 
The programmable range for the cutoff or center frequency is O to 15 kHz with a Q ranging from 0.3 to 
7) 4.5. This defines the limits of the component values. 
4 
pe) C3 
ra) Vv (4)]REFA OUTA} (2) RS 
oO I DACA 
pas (17) ) 
" (14) pBo RFBA 
DATA 
IN )_(7) e kj LL R3 HIGH PASS 
(15)] 10 ko OUT 
(16) 
(5) = 
(18) = 
rank) 
BANDPASS 
OUT 

LOW PASS 

OUT 

= R2, Rag = Rs 

DACA2 AND DACB2 - R3 Re 
R4 Rfb(DACB1) 
RF 
NOTES: A. Op-amps A1, A2, A3, and A4 are TL287. on ata! Rs 


B. C3 compensates for the op-amp gain-bandwidth limitations. 
256 x (DAC ladder resistance) 
DAC digital code 


C. DAC equivalent resistance equals 


FIGURE 10. DIGITALLY CONTROLLED STATE-VARIABLE FILTER 
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@ 8-Bit Resolution N PACKAGE 
@ Ratiometric Conversion shieilecmates 
@ 100-us Conversion Time CS Vcc (OR REF) 
RD CLK OUT 
@® 135-ns Access Time WR DBO (LSB) 
@ Guaranteed Monotonicity CLK IN L]4 DB1 
INTR []5 DB2 
@ High Reference Ladder Impedance IN+ Ce DB3 DATA 
@ No Zero Adjust Requirement ANLG GND []8 13] DBS 
REF/2 (J9 ~==121] DB6 2 
@ On-Chip Clock Generator DGTL GND []10 —_11[_] DB7 (MSB) 
@ Single 5-V Power Supply 2 
e Operates with Microprocessor or as or 
Stand-Alone ® 
a 
@ Designed to be Interchangeable with DY 
National Semiconductor and Signetics o 
ADCO803 and ADCO805 a 
ee a 
description 
The ADCO803 and ADCO805 are CMOS 8-bit, successive-approximation, analog-to-digital converters that 
use a modified potentiometric (256R) ladder. These devices are designed to operate from common 
microprocessor control buses with the three-state output latches driving the data bus. The devices can 
be made to appear to the microprocessor as a memory location or an I/O port. Detailed information on 
interfacing to most popular microprocessors is readily available from the factory. 
A differential analog voltage input allows increased common-mode rejection and offset of the zero-input 
analog voltage value. Although a reference input (REF/2) is available to allow 8-bit conversion over smaller 
analog voltage spans or to make use of an external reference, ratiometric conversion is possible with the 
REF/2 input open. Without an external reference, the conversion takes place over a span from VCC to 
analog ground (ANLG GND). The devices can operate with an external clock signal or, with an additional 
resistor and capacitor, using an on-chip clock generator. 
The ADCO803!I and ADCO805I are characterized for operation from —40°C to 85°C. The ADCO803C 
and ADCO805C are characterized for operation from O°C to 70°C. 
PRODUCTION DATA documents contain information ; Copyright © 1983, Texas Instruments Incorporated 
current as of publication date. Products conform to i] 
apecifeetocs on 7 ae of Texas auoments TEXAS 4 9-23 
tandard warranty. Production processin oes no % 
acoasatity include testing of all haratoners INSTRUM ENTS 
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WITH DIFFERENTIAL INPUTS 


functional block diagram (positive logic) 


— (2 
RD e 
2 “START” 


FTL FLIP-FLOP 
a 
wit d 
dats) 
CLK (19) 


OUT 


CLK IN 


DGTL (140) 
GND 


sja99yus e1eg Bs 


& Ws acer Ee | 
REF/2 AND Sets 2 Fs Eee LATCH ac 
pas 


ANLG (8) 
GND 


LE EN ](18) 


DBO (LSB) 


(16) 5B 


3-STATE {(15) DB 

OUTPUT (14) 
DB4 

(13) nes 


(12) nes 


(1) 587 (msB) 


“INTERRUPT” 
FLIP-FLOP 
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ADC0803, ADCO805 
8-BIT ANALOG-TO-DIGITAL CONVERTERS 
WITH DIFFERENTIAL INPUTS 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


pg eee Vie taee Note Ly. 5b eee te Se ack ks an gd Bee i ces Son cada Ee ee 6.5 V 
ingut-vatede range, GS, Ml WR eee es Se ab ee —-0.3Vto 18 V 
Ipthier ee) ed  ceh Sepia ai. a a\3o Re ee es -0.3 V to Voc +0:3:V 

Pep itVOlLaGe Fane... Si taicd a Ob tee s VGA Fe ee sles Red ReAe Ss SE. ~0.3'V-to:Vec +0.3 V 
Operating free-air temperature range: ADCO8O_1.....................0005. - 40°C to 85°C 
POUR a 1. LS aS see giant Sana Gel gS WA De aaa 7 Re O*C to:702¢6 

Pete FOMPGTAtUle TODOE Sie 12 as leet eh ce Bode <-sh oa pees SSRs bays eos — 65°C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds....................--. 260°C 


NOTE 1: All voltage values are with respect to digital ground (DGTL GND) with DGTL GND and ANLG GND connected together unless 
otherwise noted. 


recommended operating conditions 


Supply voltage, Vcc 
Analog input voltage (see Note 2) 


; ADCO80 __| -40 85 
Operating free-air temperature, Ta ADCOSO CG 7) 7 °C 


NOTES: 2. When the differential input voltage (Vj; -— Vj ;~—) is less than or equal to 0 V, the output code is 0000 OOOO. 

3. The internal reference voltage is equal to the voltage applied to REF/2 or approximately equal to one-half of the Vcc when 
REF/2 is left open. The voltage at REF/2 should be one-half the full-scale differential input voltage between the analog inputs. 
Thus, the differential input voltage range when REF/2 is open and Vcc = 5 Vis O V to 5 V. Vpef/a for an input voltage 
range from 0.5 V to 3.5 V (full-scale differential voltage of 3 V) is 1.5 V. 

4. These values are with respect to DGTL GND. 

5. Total unadjusted error is specified only at an fojigck of 640 kHz with a duty cycle of 40% to 60% (pulse duration 625 ns 
to 937 ns). For frequencies above this limit or pulse duration below 625 ns, error may increase. The duty cycle limits should 
be observed for an fciock greater than 640 kHz. Below 640 kHz, this duty cycle limit can be exceeded provided tw(CLK) 
remains within limits. 


2 


Data Sheets 


TEXAS 4 2-25 


INSTRUMENTS 


POST OFFICE BOX 655012 * DALLAS, TEXAS 75265 


ADC0803, ADCO805 
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electrical characteristics over recommended operating free-air temperature range, VCC = 5 V, 
fclock = 640 kHz, VREF/2 = 2.5 V (unless otherwise noted) 


PARAMETER TEST CONDITIONS MIN TYP! MAX | UNIT 


; High-level All outputs Vcc = 4.75 V, IOH = —360 pA : 
OH 
output voltage | DB and INTR Vec = 4.75V, lon = -10 nA 
VoL output INTR output Vcc = 4.75 V, lol = 1 mA V 
voltage CLK OUT Vec = 4.75 V, loL = 360 pA 
Clock positive-goin 
VT ‘ as 2.7 3.1 3.5 | Vv 
threshold voltage 
Clock negative-goin 
2 VT oti peead. 1.5 1.8 ea ed 
threshold voltage 
© [iy High-tevel input current a ee ee ee 
o fi Low-level input t — 0.005 =7- aa 
aay IL w-level input curren : Mm 
% ie 
loz Off-state output current LA 
n Yo = 5V 
— Short-current id 
Oo lIOHS Output high Vo = 0, TA-4.252C el =6 mA 
O output current 
ir Saal aici Output | Vo. = 8 Ta = 25°C 9 16 A 
utput low = , = S m 
” OLS Output current " 0 A 
Supply current plus VREF/2 = Open, TA = 25°C, 
Icc = 5 ee mA 
reference current CS =5V 
Input resistance to 
RREF/2 See Note 6 2.5 8 kQ 
reference ladder 
NOTE 6: Resistance is calculated from the current drawn from a 5-V supply applied to pins 8 and Q. 
operating characteristics over recommended operating free-air temperature, VCC = 5 V, 
VREF/2 = 2.5 V, fclock = 640 kHz (unless otherwise noted) 
PARAMETER TEST CONDITIONS MIN Typ! MAX | UNIT 
Supply-voltage-variation error Vcc = 4.5 Vto 5.5 V, See Note 7 + 1/16 S18 
Total adjusted error ADCO803 | With full-scale adjust, See Notes 7 and 8 
+ 
Total unadjusted error ADCO805 LSB 
See Notes 7 and 8 =e = 18] 188 | 
7 Output enable time Ta = 25°C, C, = 100 pF 135 200 
tdis Output disable time Ta = 25°C, Cr.= 10 oF, RE = tO.RO 125 200 
td(INTR) Delay time to reset INTR Tg = 28°C 300 450 
folock = 100 kHz to 1.46 MHz, clock 
tconv Conversion cycle time 66 73 
Tay = 20°C, See Note 9 cycles 
CR Free-running conversion rate INTR connected to WR, CS atO V 8770 
TAII typical values are at Ta = 25°C. 
NOTES: 7. These parameters are specified over the recommended analog input voltage range. 
8. All errors are measured with reference to an ideal straight line through the end-points of the analog-to-digital transfer characteristic. 
9. Although internal conversion is completed in 64 clock periods, a CS or WR low-to-high transition is followed by 1 to 8 clock 
periods before conversion starts. After conversion is complete, part of another clock period is required before a high-to-low 
transition of INTR completes the cycle. 
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PARAMETER MEASUREMENT INFORMATION 


le cLock PERIODS (min) >| 
| 


| 

= l | 

RD 
| 50% 50% 
| | 


READ OPERATION TIMING DIAGRAM 


| 
| ta(INTRI4@—PL 
: eee a 

| l 
ten>| je —>| etuis g 
| ® 
90% ® 
DATA l i. = 
OUTPUTS Tp) 
0} 
~~ 
ne} 
Q 


WR 50% 50% 
| 
ta(INTR)-+e>} 


| 
| 1TO8 64Y% 
, -— —v4¢—— . ——+| 
CLOCK PERIODS CLOCK PERIODS 
Meo ei | 
| 
| 


, | 
vs | \ 
INTR 50% l 50% 
I 
fe $$ —- tcony — 


WRITE OPERATION TIMING DIAGRAM 
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ADC0803, ADCO805 
8-BIT ANALOG-TO-DIGITAL CONVERTERS 
WITH DIFFERENTIAL INPUTS 


PRINCIPLES OF OPERATION 


The ADCO803 and ADCO805 each contain a circuit equivalent to a 256-resistor network. Analog switches 
are sequenced by successive-approximation logic to match an analog differential input voltage 
(Vin+ — Vin —) to a corresponding tap on the 256R network. The most significant bit (MSB) is tested 
first. After eight comparisons (64 clock periods), an eight-bit binary code (1111 1111 = full scale) is 
transferred to an output latch and the interrupt (INTR) output goes low. The device can be operated in 
a free-running mode by connecting the INTR output to the write (WR) input and holding the conversion 
start (CS) input at a low level. To ensure start-up under all conditions, a low-level WR input is required 
during the power-up cycle. Taking CS low any time after that will interrupt a conversion in process. 


When the WR input goes low, the internal successive approximation register (SAR) and 8-bit shift register 
are reset. As long as both CS and WR remain low, the analog-to-digital converter remains in a reset 
state. One to eight clock periods after CS or WR makes a low-to-high transition, conversion starts. 


When the CS and WR inputs are low, the start flip-flop is set and the interrupt flip-flop and 8-bit register 
are reset. The next clock pulse transfers a logic high to the output of the start flip-flop. The logic high 
is ANDed with the next clock pulse, placing a logic high on the reset input of the start flip-flop. If either 
CS or WR have gone high, the set signal to the start flip-flop is removed, causing it to be reset. A logic 
high is placed on the D input of the eight-bit shift register and the conversion process Is started. If the 
CS and WR inputs are still low, the start flip-flop, the 8-bit shift register, and the SAR remain reset. 
This action allows for wide CS and WR inputs, with conversion starting from one to eight clock periods 
after one of the inputs goes high. 


sjaayus ejeg BS 


When the logic high input has been clocked through the 8-bit shift register, which completes the SAR 
search, it is applied to an AND gate controlling the output latches and to the D input of a flip-flop. On 
the next clock pulse, the digital word is transferred to the 3-state output latches and the interrupt flip-flop 
is set. The output of the interrupt flip-flop is inverted to provide an INTR output that is high during conversion 
and low when the conversion is complete. 


When a low is at both the CS and RD inputs, an output is applied to the DBO through DB7 outputs and 
the interrupt flip-flop is reset. When either the CS or RD inputs return to a high state, the DBO through 
DB7 outputs are disabled (returned to the high-impedance state). The interrupt flip-flop remains reset. 
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ADC08041, ADCO804C 
8-BIT ANALOG-TO-DIGITAL CONVERTER 
WITH DIFFERENTIAL INPUTS 


D2755, OCTOBER 1983—REVISED OCTOBER 1988 


@ 8-Bit Resolution N DUAL-IN-LINE PACKAGE 
: : j (TOP VIEW) 
@® Ratiometric Conversion 
Rages Cs J 201] Vee (OR REF) 
@® 100-us Conversion Time =e 
M RD 19[ ] CLK OUT 
@ 135-ns Access Time WR LJ3 181 |] DBO (LSB) 
: : CLK IN []4 171 | DB1 
@® No Zero Adjust Requirement sy bak 
eee q INTR [|5 161 | DB2 
@ On-Chip Clock Generator IN+ L]6 15] |] DB3 DATA 
: IN— []? 141 |] DB4 OUTPUTS 
@ Single 5-V Power Suppl 
g Pply ANLG GND []8 13] DBS5 
@ Operates with Microprocessor or as REF/2 |]9 12] | DB6 ? 
Stand-Alone DGTL GND []10 111] DB7 (MSB) 


@ Designed to be Interchangeable with 
National Semiconductor and Signetics 
ADC0804 


description 


The ADC0804 is a CMOS 8-bit successive-approximation analog-to-digital converter that uses a modified 
potentiometric (256R) ladder. The ADCO804 is designed to operate from common microprocessor control 
buses, with the three-state output latches driving the data bus. The ADCO804 can be made to appear 
to the microprocessor as a memory location or an I/O port. Detailed information on interfacing to most 
popular microprocessors is readily available from the factory. 


Data Sheets 


A differential analog voltage input allows increased common-mode rejection and offset of the zero-input 
analog voltage value. Although a reference input (REF/2) is available to allow 8-bit conversion over smaller 
analog voltage spans or to make use of an external reference, ratiometric conversion is possible with the 
REF/2 input open. Without an external reference, the conversion takes place over a span from VCC to 
analog ground (ANLG GND). The ADCO804 can operate with an external clock signal or, with an additional 
resistor and capacitor, can operate using an on-chip clock generator. 


The ADCO804I is characterized for operation from — 40°C to 85°C. The ADCO804C is characterized for 
operation from O°C to 70°C. 


So 


PRODUCTION DATA documents contain information P Copyright © 1983, Texas Instruments Incorporated 
current as of publication date. Products conform to i] 

specifications per the terms of Texas Instruments TEXAS 

standard warranty. Production processing does not 


necessarily include testing of all parameters. INSTRUM ENTS 


POST OFFICE BOX 655012 © DALLAS, TEXAS 75265 


2-29 


ADCO08041, ADCO804C 
8-BIT ANALOG-TO-DIGITAL CONVERTER 
WITH DIFFERENTIAL INPUTS 


functional block diagram (positive logic) 
—- (2) 


RD S 
Py “START” 
cs 


FLIP-FLOP 


1D 


(19) 


CLK OUT 


CLK IN 


DGTL (10) 
y) GND 
Ms (20) 
O 
® ca LADDER t+. ei baie 
BBE le a | NERS LATCH aw " 
fab) DECODER #3 Eee REGISTER pa pesgeld 
op) ee FS as 
> a Roa Oe ak FS th eS 
4°) Le 
Oo ANLG (8) 
GND 
7) LINTR 
ins (2 
IN— (7) 


Jt DBO (LSB) 
7 
DB1 
(16) 


DB2 
3-STATE | (15) 
output [7 1,) 083 
LATCH DB4 


13 
( ) oes 


12 
ae DB6 
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4 
2-30 . TEXAS 
INSTRUMENTS 


POST OFFICE BOX 655012 * DALLAS, TEXAS 75265 


ADCO0804!, ADCO804C 
8-BIT ANALOG-TO-DIGITAL CONVERTER 
WITH DIFFERENTIAL INPUTS 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Paula rannCien CN. REESE GES IRON bod ee sd gee ecg aie ae ce ate wigs Re Ree: + coe gra ete Bee i ee alles 6.5 V 
input-vollage fatige: Os, Wo. Whee mio 228 8 ls a da. y SESSA —-0.3 V.to 18 V 
LUC UG, 2. gees teen SL ot Mee rrate? Ae Mane Lata Sas -0.3 V to Veco + 0.31¥ 

Pee: VOMANO Tange: 2. 7c. Pied ay dene ee eee CRN Le Sit eb oe ce —-0.3'V to Voce + 053 
Operating free-air temperature range: ADCO8O041....................2.000.4 —40°C to 85°C 
Pe sO 5 eS wal. sw A aa oie O°C. to, 7/626 

Sine tEMmpPeratlire TANOG Hi. Ss otk ae et way hake eA be et ee -65°C to T50°E 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds...................... 26070 


NOTE 1: All voltage values are with respect to digital ground (DGTL GND) with DGTL GND and ANLG GND connected together (unless 
otherwise noted). 


recommended operating conditions 


Analog ground voltage (see Note 3) = 


Analog input voltage (see Note 4) —0.05 , 
Clock input frequency, fcoigck (see Note 5) 100 640 1460 
Duty cycle for foigock = 640 kHz (see Note 5) 40 60 % 


Pulse duration clock input (high or low) for foigck < 640 kHz, twicLk) (see Note 5) 275 781 


Pulse duration, WR input low (start conversion), tw(WR 


ADC08041 


Operating free-air temperature, Ta ADCO804C 0 


NOTES: 2. The internal reference voltage is equal to the voltage applied to REF/2, or approximately equal to one-half of the Vcc when 
REF/2 is left open. The voltage at REF/2 should be one-half the full-scale differential input voltage between the analog inputs. 
Thus, the differential input voltage when REF/2 is open and Vcc = 5 Vis Oto 5 V. VREF/2 for an input voltage range from 
0.5 V to 3.5 V (full-scale differential voltage of 3 V) is 1.5 V. 

. These values are with respect to DGTL GND. 

. When the differential input voltage (Vixy + — Vin —) is less than or equal to O V, the output code is OOOO OOOO. 

5. Total unadjusted error is specified only at an feigck of 640 kHz with a duty cycle of 40% to 60% (pulse duration 625 ns 
to 937 ns). For frequencies above this limit or pulse duration below 625 ns, error may increase. The duty cycle limits should 
be observed for an fcigck greater than 640 kHz. Below 640 kHz, this duty cycle limit can be exceeded provided tw(CLK) remains 
within limits. 
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ADC08041, ADCO804C 
8-BIT ANALOG-TO-DIGITAL CONVERTER 
WITH DIFFERENTIAL INPUTS 


electrical characteristics over recommended operating free-air temperature range, VCC = 5 V, 
fclock = 640 kHz, REF/2 = 2.5 V (unless otherwise noted) 


O 
© 
nt 
a) 
Yn 
> 
® 
@ 
a 
” 


PARAMETER TEST CONDITIONS MIN 
All outputs V = 4.75 V, | = —360 pA 2.4 
VOH High-level output voltage : CC Ou : 
DB and INTR| Vcc = 4.75 V, IoH = -—10 vA : 
Data outputs | Vcc = 4.75 V, Io, = 1.6 mA 
Low-level output voltage INTR output | Vcc = 4.75 V, Io, = 1MA 
CLK OUT Vec = 4.75 V, lo, = 360 vA 
Clock positive-goin 
VT 4 Bs Sats ap ik eee = a6 Py 
threshold voltage 
Clock negative-goi 
vr seas i ea 1.5 1.8 2.1 Vv 
threshold voltage 
mn Low-level input current 
lo Off-state output current 
Vo =5V 
IOHS Short-circuit output current} Output high | Vo = O, Ta = 25°C 
loLs Short-circuit output current| Output low | Vo = 5V, Ta = 25°C 
REF/2 open, CS at 5 V, 
Icc Supply current plus reference current : 2.5 mA 
Ta = 25°C 
C Input Capacitance (control) ; 


| i ee ae 
Gq Output capacitance (08) SG. Se 


operating characteristics over recommended operating free-air temperature range, VCC = 5 V, 
VREF/2 = 2.5 V, fclock = 640 kHz (unless otherwise noted) 


PARAMETER UNIT 
L 
L 
L 


Supply-voltage-variation error 
Vec = 4.5V to 5.5 V + 1/16 + 1/8 SB 
(See Notes 2 and 7) 
Total unadjusted error 
VREF/2 = 2.5 V +1 SB 
(See Notes 7 and 8) 
DC -mode e 
common-mo rror ae ee SB 
(See Note 8) 


ten Output enable time Ci = 100 pF 135 
tdis Output disable time Cy = 10 pF, RL = 10 kQ 125 


clock 
Conversion cycle time (See Note 9) folock = 100 kHz to 1.46 MHz 72% 
tconv cycles 


Conversion time 144 


; INTR connected to WR, 
CR Free-running conversion rate can 8827 conv/s 
CS atO V 


TAIl typical values are at Ta = 25°C. 

NOTES: 2. The internal reference voltage is equal to the voltage applied to REF/2, or approximately equal to one-half of the Vcc when 
REF/2 is left open. The voltage at REF/2 should be one-half the full-scale differential input voltage between the analog inputs. 
Thus, the differential input voltage when REF/2 is open and Vcc = 5 Vis Oto 5 V. Vref for an input voltage range from 
0.5 V to 3.5 V (full-scale differential voltage of 3 V) is 1.5 V. 

The resistance is calculated from the current drawn from a 5-V supply applied to pins 8 and 9. 

These parameters are specified for the recommended analog input voltage range. 

All errors are measured with reference to an ideal straight line through the end-points of the analog-to-digital transfer characteristic. 
Although internal conversion is completed in 64 clock periods, a CS or WR low-to-high transition is followed by 1 to 8 clock 
periods before conversion starts. After conversion is completed, part of another clock period is required before a high-to-low 
transition of INTR completes the cycle. 
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ADCO804i, ADCO804C 
8-BIT ANALOG-TO-DIGITAL CONVERTER 
WITH DIFFERENTIAL INPUTS 


timing diagrams 


l¢————-8 cLock PERIODS (Min) >| 
| 


| 
| 
RD 
| 50% 50% 
| | | 
| td(INTR) e6e¢© @ @ @6+«9>8 6 RASS AEIS| RE ere Ea ea eee eS SE a ee 
| | | | 
INTR | | 
| 
ten e- > k¢—tyis 
| 
90% 
DATA | 
OUTPUTS 


READ OPERATION TIMING DIAGRAM 


WR 50% 50% 
| 
ta(INTR)—+>4 


| 
, 1T08 64Y, 
¢—— —l¢——. = 
CLOCK PERIODS CLOCK PERIODS >| 
Or ee nck | 
| } 
INTERNAL | 
| 
l 


STATUS OF THE 
CONVERTER 


INTR 


fe Aaa $$ $$$ $$_____tconnv Sea on eee 


| 
% CLOCK PERIOD —p e— 


WRITE OPERATION TIMING DIAGRAM 
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ADC08041, ADCO804C 
8-BIT ANALOG-TO-DIGITAL CONVERTER 
WITH DIFFERENTIAL INPUTS 


PRINCIPLES OF OPERATION 


The ADCO804 contains a circuit equivalent to a 256-resistor network. Analog switches are sequenced 
by successive approximation logic to match an analog differential input voltage (Vin+ — Vjn—) to a 
corresponding tap on the 256-resistor network. The most-significant bit (MSB) is tested first. After eight 
comparisons (64 clock periods), an 8-bit binary code (1111 1111 = full scale) is transferred to an output 
latch and the interrupt (INTR) output goes low. The device can be operated in a free-running mode 
by connecting the INTR output to the write (WR) input and holding the conversion start (CS) input at a 
low level. To ensure start-up under all conditions, a low-level WR input is required during the power-up 
cycle. Taking CS low anytime after that will interrupt a conversion in process. 


When the WR input goes low, the ADCO804 successive approximation register (SAR) and 8-bit shift 
register are reset. As long as both CS and WR remain low, the ADCO804 remains in a reset state. One 
to eight clock periods after CS or WR makes a low-to-high transition, conversion starts. 


When the CS and WR inputs are low, the start flip-flop is set and the interrupt flip-flop and 8-bit register 
are reset. The next clock pulse transfers a logic high to the output of the start flip-flop. The logic high 
is ANDed with the next clock pulse, placing a logic high on the reset input of the start flip-flop. If either 
CS or WR have gone high, the set signal to the start flip-flop is removed, causing it to be reset. A logic 
high is placed on the D input of the 8-bit shift register and the conversion process is started. If the CS 
and WR inputs are still low, the start flip-flop, the 8-bit shift register, and the SAR remain reset. 
This action allows for wide CS and WR inputs with conversion starting from one to eight clock periods 
after one of the inputs goes high. 


sjaaus eleg B®) 


When the logic high input has been clocked through the 8-bit shift register, completing the SAR search, 
it is applied to an AND gate controlling the output latches and to the D input of a flip-flop. On the next 
clock pulse, the digital word is transferred to the three-state output latches and the interrupt flip-flop is 
set. The output of the interrupt flip-flop is inverted to provide an INTR output that is high during conversion 
and low when the conversion is completed. 


When a low is at both the CS and RD inputs, an output is applied to the DBO through DB7 outputs and 
the interrupt flip-flop is reset. When either the CS or RD inputs return to a high state, the DBO through 
DB7 outputs are disabled (returned to the high-impedance state). The interrupt flip-flop remains reset. 
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ADC0808, ADCO809 
CMOS ANALOG-TO-DIGITAL CONVERTERS 
WITH 8-CHANNEL MULTIPLEXERS 


D2642, JUNE 1981—REVISED MAY 1988 


@ Total Unadjusted Error... +0.75 LSB Max N 
for ADCO808 and + 1.25 LSB Max for nine alana ids dt 
ADCO0809 (TOP VIEW) 
® Resolution of 8 Bits \ 
INPUTS 
@ 100 us Conversion Time INPUTS 
® Ratiometric Conversion ¥ soones 
® Monotonicity Over the Entire A/D START Lj6 stv ace 
Conversion Range o1f] 2-1 (MSB) 
-—2 
@ No Missing Codes 20f ] 2 
g A 2-3 2 
® Easy Interface with Microprocessors igf ] 2-4 
REF+ [12 17[] 278 (LSB) 
@ Latched 3-State Outputs a ; He REF — 2 
@ Latched Address Inputs 15f} 2-6 = 
: £. 
@ Single 5-V Supply B= Nes YY) 
® Low Power Consumption (TOP VIEW) co 
% ‘ CO. EO SF OD LON ce eS bd 
® Designed to be Interchangeable with EEEEEEE O 
National Semiconductor ADCO808, % S S S ao6 
ADCO0809 — 
oh INPUT 71) 5 A 
description START [J 6 24[ ap ADDRESS 
cate EOC {J 7 23UC 
The ADCO808 and ADCO809 are monolithic nN 
: 2-51)8 22(] ALE 
CMOS devices with an 8-channel multiplexer, an orhs 2111 2—-1-(MSB) 
8-bit analog-to-digital (A/D) converter, and CLK N10 20f] 2-2 
microprocessor-compatible control logic. The Vec p11 i9f}2-3 
8-channel multiplexer can be controlled by a 
microprocessor through a 3-bit address decoder ane =< 
with address load to select any one of eight HSL at 
single-ended analog switches connected directly - ty 
to the comparator. The 8-bit A/D converter uses a 
the successive-approximation conversion 
technique featuring a high-impedance threshold detector, a switched-capacitor array, a sample-and-hold, 
and a successive-approximation register (SAR). Detailed information on interfacing to most popular 
microprocessors is readily available from the factory. 
The comparison and converting methods used eliminate the possibility of missing codes, nonmonotonicity, 
and the need for zero or full-scale adjustment. Also featured are latched 3-state outputs from the SAR 
and latched inputs to the multiplexer address decoder. The single 5-V supply and low power requirements 
make the ADCO808 and ADCO809 especially useful for a wide variety of applications. Ratiometric 
conversion is made possible by access to the reference voltage input terminals. 
The ADCO808 and ADCO809 are characterized for operation from —40°C to 85°C. 
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current as of publication date. Products conform to 4 
PO all al ale afl contro gienge Texas 2-35 
stan . = 
necessarily jecledl testing of fi sarematers, INSTRUMENTS 


POST OFFICE BOX 655012 * DALLAS, TEXAS 75265 


ADCO808, ADCO809 
CMOS ANALOG-TO-DIGITAL CONVERTERS 
WITH 8-CHANNEL MULTIPLEXERS 


functional block diagram (positive logic) 


SAMPLE-AND-HOLD 


BINARY-WEIGHTED 


CAPACITORS 
(12) 
ieee? 7 SWITCH 
REF— MATRIX 
THRESHOLD 
9 (28) DETECTOR (17). 5-8 (usp) 
, (27) (14) 5-7 
2 (28) (15) 5-6 
ANALOG OuTPuT | (8) 5-5 DIGITAL 
anatoc 33-4 mutti- LATCHES | (18) 54 OUTPUTS 
0 INPUTS (2)}] PLEXER (19) 5-3 
3 (20) >_> 
ss 
24 , (3) TIMING 2 52% iat 
re) > AND 2 
(4) (7) END OF 
6 CONTROL 
—” (5) CONVERSION (EOC) 
7 
= 
a sity 
10 
Bo CLOCK : 
” START CONVERSION (START) 
(9) 


OUTPUT ENABLE (OE) 


(25) 
ADDRESS A (24) 


ADDRESS B ADDRESS 
ADDRESS C (23) DECODER 
ADDRESS LOAD ae 
ENABLE (ALE) 


MULTIPLEXER FUNCTION TABLE 


INPUTS SELECTED 
ADDRESS ADDRESS ANALOG 
B STROBE 


CHANNEL 


; 


Bi TOTS Role cor htey aac vi FMS -* hee el wes 


- - -orarvwvm—mu—axy >> ~> —> 


A 
L 
H 
B 
H 
L 
H 
L 
H 


Cee ac Rie cialis utr lia 


H = high level, L = low level 
low-to-high transition 


Kis 
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ADC0808, ADCO809 
CMOS ANALOG-TO-DIGITAL CONVERTERS 
WITH 8-CHANNEL MULTIPLEXERS 


operating sequence 


pe ie 


START ] i 
CONVERSION 50% 7 50% 
PERO SOR RR EG Nan pe ER A a 
l-——e}— tw/(S) 
ADDRESS LOAD NES cere 3 
ENABLE 50% ! K 50% ees eee eee or 
| \ tw(ALC) 
l*-—*+ ADDRESS STABLE 
ADDRESS 50% 50% | TRI 
fl oe Pec eS gee ee 
tsuteef ot th | 


ANALOG INPUT : ANALOG VALUE X 


j»-——t—___+— INPUT STABLE —————————_ + 


| 
MULTIPLEX OUTPUT ANALOG VALUE 

(INTERNAL) ! 

| 


| 
END OF 50% 50% 
CONVERSION l ee oer eee hos a a 
~—td(EOC) —+ l 
OUTPUT ‘conv — Si Sinn kal 
UTPU ‘ 
ENABLE 50% 7 50% 


| 
LATCH OUTPUTS 5 90% 90% 
HI-Z STATE 10% 10% 
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ADCO808, ADCO809 | : 
CMOS ANALOG-TO-DIGITAL CONVERTERS 
WITH 8-CHANNEL MULTIPLEXERS 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supp Vonage. Wir oee NOTGudp me B.S... | ESD ae a bonis face Sea pe eon eee 6.5 V 
Pine VOC ame alre eu tit Ol UU tS ea) ef sb os sR aeedie Meas ace aoe PR oe abe ee —0.3 to 15 V 

fre) STR SS ea a aa = 0 ae Oa a ea ~Oxahao-¥ Cre 3-V 
Operating treac-altemperatine tame ssc, |S SS. Seabee oa Cet meee A oe —-40°C to 85°C 
Stee Cheer atte RONG 2 tes. wk... aw Cue ween so ee See 65°C to 150°C 
Gase tomperaiure tor. 10° seconds’ FN -nackage... .. ois 0 28. os RS ye ae 260°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: N package ............ 260°C 


NOTE 1: All voltage values are with respect to network ground terminal. 


recommended operating conditions 


Ss ee 5 RE Ln im a eg 
{ETO eae a a ee oie ere eR: 
i pitergndalfelorende vollages, Vist = Wisi a 


NOTE 2: Care must be taken that this rating is observed even during power-up. 


= 
lt¥44]4<18 
4 


electrical characteristics over recommended operating free-air temperature range. VCC = 4.75 V 
to 5.25 V (unless otherwise noted) 


total device 


PARAMETER TEST CONDITIONS MIN TYPT MAX | UNIT 
VOH High-level output voltage lo = —360 vA Vcc-0.4 
io Sean 
VOL Low-level output voltage 
loz 


AEE reece 
Off-state (high-impedance-state) Vo = Vcc 


Fir Control input current at maximum input vokage [Vi =15V———S—~sSCSCS 
WL Low-level control input current 


Co Output capacitance, data outputs Ta = 25°C 10 15 
Resistance from pin 12 to pin 16 07 te PRR ee ey od 3S eel 1000 Sey 


V 

V 

_ pA 
pA 
pA 
mA 

pF 

pF 

kQ 


analog multiplexer 


PARAMETER TEST CONDITIONS MIN TYP' MAX UNIT 
lon Channel on-state current (see Note 3) . cc. Slack = BAG KHz uA 
inti’ ee eee LS ee 
A 


m 


loff Channel off-state current 


TTypical values are at Vcc = 5 V and Ta, = 25°C. 
NOTE 3: Channel on-state current is primarily due to the bias current into or out of the threshold detector, and it varies directly with clock 
frequency. 
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ADCO808, ADCO809 
CMOS ANALOG-TO-DIGITAL CONVERTERS 
WITH 8-CHANNEL MULTIPLEXERS 


timing requirements, VCC = Vref+ = 5 V, Vref— = O V (unless otherwise noted) 


PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT 
fclock Clock frequency ae in eit oe Oe eee 
90 100 116 
tw\s) Pulse duration, START a ae 
teu Setup time, ADDRESS i TS ESS DEN RS in 
th Hold time, ADDRESS Steeieie A 0cncer NP SO DO Pegaa bas eae hg 
tq Delay time, EOC O 14.5 


operating characteristics, TA = 25°C, Vcc = Vref+ = 5V, Vref— = OV, felock = 640 kHz (unless 
otherwise noted) 


ADC0808 ADCO0809 
PARAMETER TEST CONDITIONS UNIT 
MIN TYPt MAX 
: Supply voltage Vcc = Vreft+ = 4.75 V to 5.25 V, 
mS sensitivity Ta = —40°C to 85°C, See Note 6 


Linearity error 
(see Note 7) 


Zero error (see Note 8) 


See Notes 4 and 5 


a 035: £0.65 
== 40°C 0 85% 


~) 
ro) 
® 
® 
Exe 
op) 
© 
~ 
4°) 
a) 


Total unadjusted 7 


error (See Note 9) A 


tdis Output disable time Cy = 10 pF, Ry = 10 kQ 105 250 


tTypical values for all except supply voltage sensitivity are at Vcc = 5 V, and all are at Ta = 25°C. 
NOTES: 4. Refer to the operating sequence diagram. 
5. For clock frequencies other than 640 kHz, tq(EQC) Maximum is 8 clock periods plus 2 us. 
6. Supply voltage sensitivity relates to the ability of an analog-to-digita! converter to maintain accuracy as the supply voltage 
varies. The supply and Vref + are varied together and the change in accuracy is measured with respect to full-scale. 
7. Linearity error is the maximum deviation from a straight line through the end points of the A/D transfer characteristic. 
8. Zero error is the difference between OOOO0000 and the converted output for zero input voltage; full-scale error is the difference 
between 11111111 and the converted output for full-scale input voltage. 
9. Total unadjusted error is the maximum sum of linearity error, zero error, and full-scale error. 
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ADC0808, ADCO809 
CMOS ANALOG-TO-DIGITAL CONVERTERS 
WITH 8-CHANNEL MULTIPLEXERS 


PRINCIPLES OF OPERATION 


The ADCO808 and ADCO809 each consists of an analog signal multiplexer, an 8-bit successive- 
approximation converter, and related control and output circuitry. 


multiplexer 


sja0us e1eg | NO 


The analog multiplexer selects 1 of 8 single-ended input channels as determined by the address decoder. 
Address load control loads the address code into the decoder on a low-to-high transition. The output latch 
is reset by the positive-going edge of the start pulse. Sampling also starts with the positive-going edge 
of the start pulse and lasts for 32 clock periods. The conversion process may be interrupted by a new 
start pulse before the end of 64 clock periods. The previous data will be lost if a new start of conversion 
occurs before the 64th clock pulse. Continuous conversion may be accomplished by connecting the End- 
of-Conversion output to the start input. If used in this mode an external pulse should be applied after power 
up to asSure start up. 


converter 


The CMOS threshold detector in the successive-approximation conversion system determines each bit 
by examining the charge on a series of binary-weighted capacitors (Figure 1). In the first phase of the 
conversion process, the analog input is sampled by closing switch Sc and all ST switches, and by 
simultaneously charging all the capacitors to the input voltage. 


In the next phase of the conversion process, all ST and SC switches are opened and the threshold detector 
begins identifying bits by identifying the charge (voltage) on each capacitor relative to the reference voltage. 
In the switching sequence, all eight capacitors are examined separately until all 8 bits are identified, and 
then the charge-convert sequence is repeated. In the first step of the conversion phase, the threshold 
detector looks at the first capacitor (weight = 128). Node 128 of this capacitor is switched to the reference 
voltage, and the equivalent nodes of all the other capacitors on the ladder are switched to REF —. If the 
voltage at the summing node is greater than the trip-point of the threshold detector (approximately one- 
half the Vcc voltage), a bit is placed in the output register, and the 128-weight capacitor is switched 
to REF—. If the voltage at the summing node is less than the trip point of the threshold detector, this 
128-weight capacitor remains connected to REF + through the remainder of the capacitor-sampling (bit- 
counting) process. The process is repeated for the 64-weight capacitor, the 32-weight capacitor, and so 
forth down the line, until all bits are counted. 


With each step of the capacitor-sampling process, the initial charge is redistributed among the capacitors. 
The conversion process is successive approximation, but relies on charge redistribution rather than a 
successive-approximation register (and reference DAC) to count and weigh the bits from MSB to LSB. 


Sc 


THRESHOLD 
DETECTOR 


TO 
OUTPUT 
LATCHES 


128 64 32 16 8 as 2 1 1 


NODE 128 #REF+ qREF+ qREF+ @REF+ qaeF: #REF? # REE RREFt 
55 9 79 79 <9 79 


REF-— REF-— REF-— REF— REF— REF— REF— REF-— REF— 


FIGURE 1. SIMPLIFIED MODEL OF THE SUCCESSIVE-APPROXIMATION SYSTEM 
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ADC0808M 
CMOS ANALOG-TO-DIGITAL CONVERTER 
WITH 8-CHANNEL MULTIPLEXER 


D2642, NOVEMBER 1986—REVISED MAY 1988 


Total Unadjusted Error... +0.75 LSB Max J 
DUAL-IN-LINE PACKAGE 


Resolution of 8 Bits (TOP VIEW) 


100 us Conversion Time 


Ratiometric Conversion INPUTS 


INPUTS 


Monotonous Over the Entire A/D Conversion 
Range 


No Missing Codes START L|6 


ADDRESS 


Easy Interface with Microprocessors 211 ] 2-1 (MSB) 


2 


Latched 3-State Outputs 


Latched Address Inputs 
Single 5-Volt Supply 


Low Power Consumption 


Designed to be Interchangeable with 


National Semiconductor ADCO808CJ FK PACKAGE 
(TOP VIEW) 


Data Sheets 


description 


The ADCO808M is a monolithic CMOS device 
with an 8-channel multiplexer, an 8-bit analog- i —_ (Whi 
to-digital (A/D) converter, and microprocessor- 
compatible control logic. The 8-channel INPUT 7) 5 25U A 

multiplexer can be controlled by a micro- START [J 6 24(]B ADDRESS 
processor through a 3-bit address decoder with EOC {}7 23LC 

address load to select any one of eight single- 2-5{)8 22U ALE 

ended analog switches connected directly to the OE{) 9 21(}2-1 (MSB) 
comparator. The 8-bit A/D converter uses the CLK [J 10 202-2 
successive-approximation conversion technique VecU11 192-3 

featuring a high-impedance threshold detector, 
a switched capacitor array, a sample-and-hold, 
and a successive-approximation register (SAR). 
Detailed information on interfacing to most 
popular microprocessors is readily available from 
the factory. 


~ 


REF + [] 
GN 
ae 
$3 
REF- 1 
2-8 (LsB) D 


The comparison and converting methods used 

eliminate the possibility of missing codes, 

nonmonotonicity, and the need for zero or full-scale adjustment. Also featured are latched 3-state outputs 
from the SAR and latched inputs to the multiplexer address decoder. The single 5-volt supply and low 
power requirements make the ADCO808M especially useful for a wide variety of applications. Ratiometric 
conversion is made possible by access to the reference voltage input terminals. 


The ADCO808M is characterized for operation over the full military temperature range of —55°C to 125°C. 


PRODUCTION DATA documents contain information m 
— as of eng nko date. — conform to Ti 4 
specifications per the terms of Texas Instruments 

standard warranty. Production processing does not EXAS 


necessarily include testing of all parameters. INST RUMENTS 
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ADCO808M 
CMOS ANALOG-TO-DIGITAL CONVERTER 
WITH 8-CHANNEL MULTIPLEXER 


functional block diagram (positive logic) 


SAMPLE-AND-HOLD 


BINARY-WEIGHTED 


CAPACITORS 
(12) 
oer SWITCH 
REF- MATRIX 


THRESHOLD 


DETECTOR (17) 5-8 (Lsp) 
(15) 2-6 
a Per aie OuTPUuT | (8) 5-5 DIGITAL 
aN) ANALOG MULTI- LATCHES | (18) 54 OUTPUTS 
> INPUTS PLEXER (19) 5-3 
nN mein (21) 5-1 (msB) 
> Be (7) 
ran) CONTROL uLor 
o CONVERSION (EOC) 
oma 
7) 
crock 1 
START CONVERSION (START) 2 
OUTPUT ENABLE (OE) —2! 
(25) 
ADDRESS A 3a) 
ADDRESS B53] ADDRESS 
ADDRESS C | DECODER 
ADDRESS LOAD > 
ENABLE (ALE) 
MULTIPLEXER FUNCTION TABLE 
INPUTS SELECTED 
ADDRESS ADDRESS | ANALOG 
Cc B A STROBE | CHANNEL 
L L L 
L L 4 
L 4 L 
L 4 H 
H L L 
H L H 
H H L 
H H 4 
H = high level, L = low level 
Tt = low-to-high transition 
af i] 
Bots Exas 


INSTRUMENTS 


POST OFFICE BOX 655012 * DALLAS, TEXAS 75265 


ADCO808M 
CMOS ANALOG-TO-DIGITAL CONVERTER 
WITH 8-CHANNEL MULTIPLEXER 


operating sequence 


CLOCK 


START 
CONVERSION 


ADDRESS LOAD 
ENABLE 


ADDRESS 


ANALOG INPUT 


MULTIPLEX OUTPUT 
(INTERNAL) 


END OF 
CONVERSION 


OUTPUT 
ENABLE 


LATCH OUTPUTS 


aS 
So Le eae bo 


50% J 50% 
———— 
eamega acts tw(S) 
| 
50%F | 50% 
! 
. —_—_—_—_—_—_—_—_—_—_—_—_—_—_—_—_—_—_—_————iooooo 
nen Meee cua, 
htii=*+ ADDRESS STABLE 
—_———————$ 
50% } 50% } 
l CONRAN hres! 1: Shem ORPERL OF Se Tres aM RAE RBNT DY Tee Te 
tsy teapot th | 


| 
: ANALOG VALUE X 


j»—1——_§_+— INPUT STABLE ——————_ + 


| | 
aye ANALOG VALUE 4 
| | 

| 

| 


50% } 50% 
| ' 
—td(EOC) —4 | 
———— —tconvy 
50% 50% 
8 EEE ee ‘ \ 
ten td; 
ig: a ~ ‘dis 
90% 90% 
HI-Z STATE 10% 10% 
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ADco808M 
CMOS ANALOG-TO-DIGITAL CONVERTER 
WITH 8-CHANNEL MULTIPLEXER 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Se GORY Crea EmR EEE Ep cP cies aieeaiis +...» stk: SNSEs glaesd ik Oey nas Sale eer 6.5 V 
[ntl VO aes Fade or armre Wits” ol s—.ce goatee «vss be bs haprdiava em Wer oe eee —0.3 to 15 V 

ON OtMeE INDENS 3. Shs ee ee oc el SERS -0.3 Vito Vcc +:0.3'¥ 
Operating 1160-air_tenmpesature-tande’. oe Be. on RE. ee ee eee —§5°C te. 125.°C 
Sicrage: Temperate sano e kee a a. eo 2 xe Pe eee 2 wee eee —- 65°C to 190°C 
Case TOMmpererure 1 Or UO Se CONnis Fay eR So Gi c, s. enicdty. <3 ale oe so ae cles 260°C 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: J package ............ 300°C 


NOTE 1: All voltage values are with respect to network ground terminal. 


2 recommended operating conditions 
OM 
a) 
ot 
pe) 
ee) 
“ ¥ 
@ 
4°) 
pote 
” 
NOTE 2: Care must be taken that this rating is observed even during power-up. 
T 43 
9-44 EXAS 


INSTRUMENTS 


POST OFFICE BOX 655012 * DALLAS, TEXAS 75265 


ADCO808M 
CMOS ANALOG-TO-DIGITAL CONVERTER 
WITH 8-CHANNEL MULTIPLEXER 


electrical characteristics over recommended operating free-air temperature range, VCC = 4.5 V to 
5.5 V (unless otherwise noted) 


total device 


Co Output capacitance, data outputs Ta = 25°C 
Resistance from pin 12 t0 pin 16 Se ee 7000 


analog multiplexer 


PARAMETER TEST CONDITIONS 


Vi = Vec. f = 640 kHz 
lon Channel on-state current (see Note 3) = ous 
V\ = O, folock = 640 kHz 
Voc = 4, 
Ta = 25°C 


t Typical values are at Vcc = 5 V and Ta = 25°C. 
NOTE 3: Channel on-state current is primarily due to the bias current into or out of the threshold detector, and it varies directly with clock 
frequency. 


Data Sheets Bp 


loff Channel off-state current 


timing characteristics, VCC = Vref+ = 5 V, Vref— = OV, Ta = 25°C (unless otherwise noted) 


tw(s) Pulse duration, START 
twi(ALE) Pulse duration, ALE 
tsy Setup time, ADDRESS 
th Hold time, ADDRESS 


td(EOC) Delay time, EOC 


NOTES: 4. Refer to the operating sequence diagram. 
5. For clock frequencies other than 640 kHz, tegny is 57 clock cycles minimum and 74 clock cycles maximum. 
6. For clock frequencies other than 640 kHz, tqiEQC) Maximum is 8 clock cycles plus 2 us. 
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ADCO808M 
CMOS ANALOG-TO-DIGITAL CONVERTER 
WITH 8-CHANNEL MULTIPLEXER 


operating characteristics, TA = 25°C, Vcc = Vref + = 5V, Vref— = OV, felock = 640 kHz (unless 
otherwise noted) 


PARAMETER TEST CONDITIONS MIN TYPt MAX UNIT 


be ae Vcc ~ Vref + = 4-52 to-5:5 V, 4 
ksvs Supply voltage sensitivity Ta = -55°C to 125°C ak uae +0.05 % /\V 


Zero error (see Note 9 nn eee Sa oS J 


LSB 
Ta = 25°C +0.25 +05 
Total unadjusted error (see Note 10) LSB 
Ta = — 85°C to 125°C 


T Typical values for all except supply voltage sensitivity are at Vcc = 5 V, and all are at Ta = 25°C. 


2 NOTES: 7. Supply voltage sensitivity relates to the ability of an analog-to-digital converter to maintain accuracy as the supply voltage 
varies. The supply and Vref + are varied together and the change in accuracy is measured with respect to full-scale. 
8. Linearity error is the maximum deviation from a straight line through the end points of the A/D transfer characteristic. 
0 9. Zero error is the difference between OOOO00000 and the converted output for zero input voltage; full-scale error is the difference 
rey) between 11111111 and the converted output for full-scale input voltage. 
oD 10. Total unadjusted error is the maximum sum of linearity error, zero error, and full-scale error. 
—” 
oe : 
ra) PARAMETER MEASUREMENT INFORMATION 
@ 
o> 
” Yec 
5 kQ 
OUTPUT 
100 pF 11.7 kQ 
FIGURE 1. TEST CIRCUIT 
Texas WB 
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ADCO808M 
CMOS ANALOG-TO-DIGITAL CONVERTER 
WITH 8-CHANNEL MULTIPLEXER 


PRINCIPLES OF OPERATION 


The ADCO808M consists of an analog signal multiplexer, an 8-bit successive-approximation converter, 
and related control and output circuitry. 


multiplexer 


The analog multiplexer selects 1 of 8 single-ended input channels as determined by the address decoder. 
Address load control loads the address code into the decoder on a low-to-high transition. The output latch 
is reset by the positive-going edge of the start pulse. Sampling also starts with the positive-going edge 
of the start pulse and lasts for 32 clock periods. The conversion process may be interrupted by a new 
start pulse before the end of 64 clock periods. The previous data will be lost if a new start of conversion 
occurs before the 64th clock pulse. Continuous conversion may be accomplished by connecting the End- 
of-Conversion output to the start input. If used in this mode an external pulse should be applied after power 
up to assure start up. 


converter 


The CMOS threshold detector in the successive-approximation conversion system determines each bit 
by examining the charge on a series of binary-weighted capacitors (Figure 2). In the first phase of the 
conversion process, the analog input is sampled by closing switch Sc and all ST switches, and by 
simultaneously charging all the capacitors to the input voltage. 


Y) 
~ 
® 
® 
al oo 
op) 
14°) 
~ 
4°) 
a) 


In the next phase of the conversion process, all ST and SC switches are opened and the threshold detector 
begins identifying bits by identifying the charge (voltage) on each capacitor relative to the reference voltage. 
In the switching sequence, all eight capacitors are examined separately until all 8 bits are identified, and 
then the charge-convert sequence is repeated. In the first step of the conversion phase, the threshold 
detector looks at the first capacitor (weight = 128). Node 128 of this capacitor is switched to the reference 
voltage, and the equivalent nodes of all the other capacitors on the ladder are switched to REF —. If the 
voltage at the summing node is greater than the trip-point of the threshold detector (approximately one- 
half the Vcc voltage), a bit is placed in the output register, and the 128-weight capacitor is switched 
to REF —. If the voltage at the summing node is less than the trip point of the threshold detector, this 
128-weight capacitor remains connected to REF + through the remainder of the capacitor-sampling (bit- 
counting) process. The process is repeated for the 64-weight capacitor, the 32-weight capacitor, and so 
forth down the line, until all bits are counted. 


With each step of the capacitor-sampling process, the initial charge is redistributed among the capacitors. 
The conversion process is successive approximation, but relies on charge redistribution rather than a 
successive-approximation register (and reference DAC) to count and weigh the bits from MSB to LSB. 


Sc 


THRESHOLD 
DETECTOR 


TO 
OUTPUT 


LATCHES 
NODE 128 REF+ #REFs REF+ *RER+ REF+ PREFS #REF+ REF+ 
a ay ss ao Hs lag et a Blige 
Seles Sh ee a 


FIGURE 2. SIMPLIFIED MODEL OF THE SUCCESSIVE-APPROXIMATION SYSTEM 
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ADCO831A, ADCO832A, ADCO831B, ADC0832B 
A/D PERIPHERALS WITH SERIAL CONTROL 


D2795, AUGUST 1985—REVISED JUNE 1986 


8-Bit Resolution ADC0831 .. . P DUAL-IN-LINE PACKAGE 
(TOP VIEW) 


Easy Microprocessor Interface or Stand- 
Alone Operation 


@ Operates Ratiometrically or with 5-V 
Reference 


@ Single Channel or Multiplexed Twin 
Channels with Single-Ended or Differential ADC0832... P DUAL-IN-LINE PACKAGE 


Input Options (TOP VIEW) 


@ Input Range 0 to 5 V with Single 5-V 


cs (1 U 80) vec/Rer 
Supply CHO [ }2 papas 2 
@ Inputs and Outputs are Compatible with CH1 L]3 61] DO 
TTL and MOS GND [ |4 5{] DI ¥ 
@ Conversion Time of 32 us at = 
CLK = 250 kHz om 
@ Designed to be Interchangeable with © 
National Semiconductor ADC0831 and ~ 
ADC0832 © 
an) 
DEVICE 
eee en 
ADCO831 +1 LSB + % LSB 
ADC0832 + SESS +'% LSB 
description 
These devices are 8-bit successive-approximation analog-to-digital converters. The ADCO831A and 
ADC0831B have single input channels; the ADCO832A and ADCO832B have multiplexed twin input 
channels. The serial output is configured to interface with standard shift registers or microprocessors. 
Detailed information on interfacing to most popular microprocessors is readily available from the factory. 
The ADCO0832 multiplexer is software configured for single-ended or differential inputs. The differential 
analog voltage input allows for common-mode rejection or offset of the analog zero input voltage value. 
In addition, the voltage reference input can be adjusted to allow encoding any smaller analog voltage span 
to the full 8 bits of resolution. 
The operation of the ADCO831 and ADCO832 devices is very similar to the more complex ADC0834 and 
ADC0838 devices. Ratiometric conversion can be attained by setting the REF input equal to the maximum 
analog input signal value, which gives the highest possible conversion resolution. Typically, REF is set 
equal to Vcc (done internally on the ADCO832). For more detail on the operation of the ADCO831 and 
ADCO832 devices, refer to the ADCO834/ADC0838 data sheet. 
The ADCO831AI, ADCO0831BI, ADCO832AI, and ADCO832BI are characterized for operation from —40°C 
to 85°C. The ADCO0831AC, ADCO831BC, ADCO832AC, and ADCO832BC are characterized for operation 
from O°C to 70°C. 
PRODUCTION DATA documents contain information ‘ Copyright © 1985, Texas Instruments Incorporated 
current as of publication date. Products conform 43 
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ADC0831A, ADCO832A, ADCO831B, ADCO832B 
A/D PERIPHERALS WITH SERIAL CONTROL 


functional block diagram 


START 
FLIP-FLOP 
CLK Cees eR er a 
cs — —- > ine > CLK 
SHIFT REGISTER 
ODD/EVEN 
ein me way 
| DI z D S 
| (ADC0832 | R 
Paso) peter > CLK START | | 
Riva ter J — 


TO INTERNAL 
CIRCUITS 


CHO/IN - —__—_—— ANALOG 


MUX 
CH1/IN 
EN 
LADDER 
REF pian: AND 


DECODER 
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ADC0831A, ADC0832A, ADCO831B, ADCO832B 
A/D PERIPHERALS WITH SERIAL CONTROL 


sequence of operation 


ADC0831 


| 
| 
| 
MUX [nee ORT DATA — | 
Psat ke} 


TIME 
DATA HI-Z HI-Z 
7 6 5 4 3 2 1 0 


Data Sheets So 


i all so 


TIME 
DATA ss Ls HI-Z 
OUT (DO) 
7 6 eee 2 1 0 1 2 eee 6 7 


ADC0832 MUX ADDRESS CONTROL LOGIC TABLE 


MUX ADDRESS ___ CHANNEL coor eas na 


SGL/DIF 
L 


H = high level, L = low level, — or + = polarity of selected input pin 
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ADC0831A, ADC0832A, ADC0831B, ADC0832B 
A/D PERIPHERALS WITH SERIAL CONTROL 


absolute maximum ratings over recommended operating free-air temperature range (unless otherwise 


noted) 

SEIN VOU GiGi ae OO NGO Petes TTS, 1 see esis cs ke gt. Lo ieee eee ore a ees 6.5 V 
input vVoltagperantia: MeOgiG tc 800i 8 eee. 2. ee FC eee -0.3 V' te 15-¥ 
ARGIDGs. — > «i S24 eee, Baie ge i ee -Q.3 Vito Voc +0.3 V 

Cro PCL a aL (0) Baie PA Re BOTS on Sian 6 OR ame SER gyn a eiaee ges aae aeRO BS mop ener ne Ay pn +5 mA 
AStab spit cuUITann 107 eOn AGO, 15-5 ee Stee cs tay nds whe Bo oe 4s Pe ee Se ee ae +20 mA 
Operating free-air-temperature range: tsuffix.: 2.00. error a eee. —40°C to 85°C 
ReMTER ines iy 3-25 3 iE Le ee eo ee ee O°C te 70°C 

Storage temperaturecrange <5) 5 sere eee ee ie PE eee ree, =—§5"6-1o:; 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds..................0005, 260°C 


NOTE 1: All voltage values, except differential voltages, are with respect to the network ground terminal. 


recommended operating conditions 


ae a a ee Aa es PE ee 
ii Wndemipatiede. «Se dc a, yn es ga be 


Clock duty cycle (see Note 2) 40 60 
tsu Setup time, CS low or ADCO832 data valid before clock? 


th Hold time, ADCO832 data valid after clock? 


C-suffix 0 


s}a0Uus e1eg By 


TA Operating free-air temperature 


NOTE 2: The clock duty cycle range ensures proper operation at all clock frequencies. If a clock frequency is used outside the recommended 
duty cycle range, the minimum pulse duration (high or low) is 1 us. 


electrical characteristics over recommended range of operating free-air temperature, VCC = 5 V, 
fclock = 250 kHz (unless otherwise noted) 


digital section 


PARAMETER TEST CONDITIONSt 
y High-level output Vec = 4.75 V. IQH = —360 pA 
np voltage Vcc = 4.75 V, lon = —-102A | 
Low-level output 
V V ='4.75V,. | = 1.6mA 0.4 0.34 
OF __voltage rs a cee 
High-| li t 
ve gee 5 hg Heaps ge Vue BV 0.005 1 0.005 +1 See 
current 
Low-level input 
| 6) ‘ ; 
current 


| 
IL 
High-level output 
1OH ( 
source) current 
Low-level output rie. 
OL (sink) current ; A 


High-impedance- 


loz state output 


current (DO) 


C; Input capacitance 
Co Output capacitance 


T All parameters are measured under open-loop conditions with zero common-mode input voltage. 
+ All typical values are at Vcc = 5 V. Ta = 25°C. 
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ADC0831A, ADCO832A, ADCO831B, ADC0832B 
A/D PERIPHERALS WITH SERIAL CONTROL 


electrical characteristics over recommended range of operating free-air temperature, VCC = 5 V, 
fclock = 250 kHz (unless otherwise noted) 


analog and converter section 


PARAMETER TEST CONDITIONS? 


VICR Common-mode input voltage range See Note 3 


On-channel V; = 5 V at on-channel, a 


Standby input 
Pics Off-channel V; = O at off-channel 


(stdby) Current 


On-channel V; = O at on-channel, 
(see Note 4) 


Off-channel V; = 5 V at off-channel 


V 
pA 
A 


FIREF) Input resistance to reference ladder] SSCS 
: Y) 
total device < 
PARAMETER [test conpitionst smn typ* max | unit | © 
' S : ADC0831 1 2.5 Y) 
u curren eh 
anaes ae ADCOBS2 
TAll parameters are measured under open-loop conditions with zero common-mode input voltage. Ss 
All typical values are at Vcc = 5 V, Ta = 25°C. Q 
NOTES: 3. If channel IN— is more positive than channel IN +, the digital output code will be 0000 OOOO. Connected to each analog input 
are two on-chip diodes that will conduct forward current for analog input voltages one diode drop above Vcc. Care must 
be taken during testing at low Vcc levels (4.5 V) because high-level analog input voltage (5 V) can, especially at high 
temperatures, cause this input diode to conduct and cause errors for analog inputs that are near full-scale. As long as the 
analog voltage does not exceed the supply voltage by more than 50 mV, the output code will be correct. To achieve an absolute 
O V to 5 V input voltage range requires a minimum Vcc of 4.95 V for all variations of temperature and load. 
4. Standby input currents are currents going into or out of the on or off channels when the A/D converter is not performing conversion 
and the clock is in a high or low steady-state condition. 
operating characteristics Vcc = REF = 5 V, felock = 250 kHz, tr = tf = 20 ns, TA = 25°C 
(unless otherwise noted) 
PARAMETER TEST CONDITIONS & saat laste See UNIT 
MIN TYP MAX MIN TYP MAX 
Supply-voltage variation error Vcc = 4.75 V to 5.25 V +1/16 +1/4 +1/16 +1/4 
Total unadjusted error Vref = OV, 1/2 a LSB 
(see Note 5) Ta = MIN to MAX 
Propagation delay time, 
tpq output data after CLK! 
(see Note 6) 
Gr= 10! pF, 
L 125 250 125 250 
Output disable time, Ri = 10 kQ 
dis D0 after CSt CL = 100 pF a 
Jol L “b 500 500 
Rp = 2 kQ 
Conversion time (multiplexer 
t , 
iene addressing time not included) periods 
8 All parameters are measured under open-loop conditions with zero common-mode input voltage. For conditions shown as MIN or MAX, 
use the appropriate value specified under recommended operating conditions. 
NOTES: 5. Total unadjusted error includes offset, full-scale, linearity, and multiplexer errors. 
6. The most significant-bit-first data is output directly from the comparator and therefore requires additional delay to allow for 
comparator response time. Least-significant-bit-first data applies only to ADCO832. 
U 
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ADC0831A, ADCO832A, ADCO831B, ADCO832B 
A/D PERIPHERALS WITH SERIAL CONTROL 


PARAMETER MEASUREMENT INFORMATION 


2h oe 
GND Vcc 
CLK 50% 
{ 
2 ns Spo tee Na ——--GND 
-cautie ca tod 
b pe seer eely 
GND DATA OUT a OH 
(DO) 


FIGURE 2. DATA OUTPUT TIMING 


O GND 
seb) 
® FIGURE 1. ADCO832 DATA INPUT TIMING 
” V 
aa CC 
TEST S1 4 
~> POINT 
77) FROM ‘ 
L 
OUTPUT 
UNDER 
TEST or 52 
Ae (See Note A) \ 
LOAD CIRCUIT 
> it > ltr 
90% Vcc 7 90% Voc 
cs 50% cs 50% | 
et i carteleetade 


Bras cat aot Von | “VEC 
DO AND S1 open DO AND S11 closed | 
; SARS OUTPUT S2 open 0% 
SARS OUTPUT  S2 closed ath — 10%. “GND 


VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS 


NOTE A: Cy includes probe and jig capacitance. 


FIGURE 3. OUTPUT DISABLE TIME TEST CIRCUIT AND VOLTAGE WAVEFORMS 
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ADC0831A, ADCO0832A, ADCO831B, ADCO832B 


A/D PERIPHERALS WITH SERIAL CONTROL 


Linearity Error—LSB 


Offset Error—LSB 


0.45 


0.35 


0.25 


16 


14 


12 


10 


0.5 


0.4 


O&3 


TYPICAL CHARACTERISTICS 


UNADJUSTED OFFSET ERROR 
aS) 
REFERENCE VOLTAGE 


Pe | 
V = Vy-) =OV 
CAMELS a ii daa 


maul 
ee ee 
SU ee Ee 
ais Oe 221 AD 
Pot TA EP 
fd ATT tL dd ld 
pe 
POO EA UG aE 
ieee a Ei LE a GL 
OE RES FS 204, SR TE 
Pa Pia 
Hee Naren 
Be ELS Es Lr ee 
SON NN RE wd Gl 
0 LMI AI 


0.01 0.1 10 


6 


4 


Vref —Reference Voltage—V 
FIGURE 4 


LINEARITY ERROR 
vs 
FREE-AIR TEMPERATURE 


Vref = 5V 
fclock = 250 kHz 


-50 -25 0 25 50 Fo. iver 510) 
Ta —Free-Air Temperature — °C 


FIGURE 6 


LINEARITY ERROR 
vs 
REFERENCE VOLTAGE 


Vec=5V 
felock = 250 kHz 
Ta = 25°C 


Linearity Error—LSB 


0 1 Z 3 4 
Vref—Reference Voltage—V 


FIGURE 5 
LINEARITY ERROR 


VES 
CLOCK FREQUENCY 


Linearity Error—LSB 


0 100 200 


300 400 


felock — Clock Frequency — kHz 
FIGURE 7 


500 600 
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ADC0831A, ADCO832A, ADCO831B, ADCO832B 
A/D PERIPHERALS WITH SERIAL CONTROL 


TYPICAL CHARACTERISTICS 


ADC0831 ADC0831 
SUPPLY CURRENT SUPPLY CURRENT 
vs VS 
FREE-AIR TEMPERATURE CLOCK FREQUENCY 


1.5 eae 
| folock = 250 kHz 
S high 


{ 
= 
| E 
2 = I 
® < 
= @ 
a aa 
a 4 6 
oO = > 
oot om ro 
pe) = = 
” ” 
Yn | & 
oe O oO 
o L e 
4°) 
op 
17] 
0.5 
-50 -25 0 25 50 75 100 
Ta —Free-Air Temperature — °C fclock—Clock Frequency—kHz 
FIGURE 8 | FIGURE 9 
OUTPUT CURRENT 
vs 
FREE-AIR TEMPERATURE 
25 
= 
fro 
- 15 pe < 
Eat ire 
oO —lOH (VOH = O V) 
5 | 
= 10 
6 —IOH (VOH = 2.4 V) 
| 
E MBA 
5 Piece OES 
lot (VOL = 0.4 V) | 
0 
-50 -25 0 25 50 75 100 
Ta—Free-Air Temperature — °C 
FIGURE 10 
U 
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ADC0834A, ADCO838A, ADCO834B, ADCO838B 
A/D PERIPHERALS WITH SERIAL CONTROL 


D2795, AUGUST 1985—REVISED OCTOBER 1986 


ADC0834 .. . N PACKAGE 
(TOP VIEW) 


8-Bit Resolution 


Easy Microprocessor Interface or Stand- 
Alone Operation 


@ Operates Ratiometrically or with 5-V 
Reference 


@® 4- or 8-Channel Multiplexer Options with 
Address Logic 


@ Shunt Regulator Allows Operation with 


(TOP VIEW) 


2 


@ input Range 0 to 5 V with Single 5-V 
Supply 


Remote Operation with Serial Data Link x 
Inputs and Outputs are Compatible with x 
TTL and MOS rr 
@ Conversion Time of 32 us at rs} 
felock = 250 kHz oc 
@ Designed to be Interchangeable with QO 
National Semiconductor ADC0834 and 
ADCO0838 
ADCO838 .. . FN PACKAGE 
(TOP VIEW) 
[oevice [i surrie |B SUFFI v= OY 
5b 5s 
ADC0838 +1LSB +1/2 LSB ej a 
description CH3 414 18CS 
CH4 17{}DI 
These devices are §8-bit successive- CH5 {16 16f1CLK 
approximation analog-to-digital converters, each CHe {17 isfISARS 
with an input-configurable multichannel CH7118 14f]/D0 
multiplexer and serial input/output. The serial 9 10 
input/output is configured to interface with ane eer enn eee eae 
; ; Ssagulu 
standard shift registers or microprocessors. o22uIn 
Detailed information on interfacing with most ” 3s 3 
popular microprocessors is readily available from o s 
the factory. ad 
The ADCO0834 (4-channel) and ADCO838 
(8-channel) multiplexer is software configured 
for single-ended or differential inputs as well as 
pseudo-differential input assignments. The 
differential analog voltage input allows for 
common-mode rejection or offset of the analog 
zero input voltage value. In addition, the voltage 
reference input can be adjusted to allow 
encoding any smaller analog voltage span to the 
full 8 bits of resolution. 
The ADCO834AI, ADCO834BI, ADCO838AIl, and ADCO838BI are characterized for operation from —40°C 
to 85°C. The ADCO834AC, ADCO834BC, ADCO838AC, and ADCO838BC are characterized for operation 
from O°C to 70°C. 
PRODUCTION DATA documents contain information - Copyright © 1985, Texas instruments Incorporated 
current as of publication date. Products conform 4 
ec Ligand og rial chy og TEXAS 2-57 
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S9ZSZ SVX3L ‘SVTIVO « ZL0SS9 XO 3DIS4O LSOd 


8S-c 


SLNAWNUYULSN 


dy SVXa] 


$}90yUS e1eg By 


START 
FLIP-FLOP 


tie SARS 
s 
R 


CLK 


Di D R 
(See Note A) 
O 5-BIT SHIFT REGISTER 
S e S CLK 


a ey SELECTO SELECT 1 ODD/EVEN SGL/DIF 
ADC0838 —_ 
i irs eh 8 


START 


wesbeip yoo/q jeuoHOUNy 


1 onry 
Pre edt TO INTERNAL 


CIRCUITS 
CHO 
ADC0834 CH1 
CH2 
CH3 
ADC0838 CH4 ANALOG MUX 
CHS 
CH6 
CH7 
COM 
EN 


cs 
COMPARATOR 
R R cs 
> CLK 


i) 
9-BIT > Do 
REF SHIFT 
DECODER REGISTER D 
se TO INTERNAL 


CIRCUITS 
7V 


NOTE A: For the ADCO0834, DI is input directly to the D input of SELECT 1; SELECT 0 is forced to a high. 
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ADC0834A, ADCO838A, ADCO834B, ADCO838B 
A/D PERIPHERALS WITH SERIAL CONTROL 


functional description 


The ADC0834 and ADCO838 use a sample data comparator structure that converts differential analog 
inputs by a successive-approximation routine. Operation of both devices is similar with the exception of 
a select enable (SE) input, an analog common input, and multiplexer addressing. The input voltage to be 
converted is applied to a channel terminal and is compared to ground (single-ended), to an adjacent input 
(differential), or to a common terminal (pseudo-differential) that can be an arbitrary voltage. The input 
terminals are assigned a positive (+) or negative (—) polarity. If the signal input applied to the assigned 
positive terminal is less than the signal on the negative terminal, the converter output is all zeros. 


Channel selection and input configuration are under software control using a serial data link from the 
controlling processor. A serial communication format allows more functions to be included in a converter 
package with no increase in size. In addition, it eliminates the transmission of low-level analog signals 
by locating the converter at the analog sensor and communicating serially with the controlling processor. 
This process returns noise-free digital data to the processor. 


A particular input configuration is assigned during the multiplexer addressing sequence. The multiplexer 
address is shifted into the converter through the data input (DI) line. The multiplexer address selects the 
analog inputs to be enabled and determines whether the input is single-ended or differential. When the 
input is differential, the polarity of the channel input is assigned. Differential inputs are assigned to adjacent 
channel pairs. For example, channel O and channel 1 may be selected as a differential pair. These channels 
cannot act differentially with any other channel. In addition to selecting the differential mode, the polarity 
may also be selected. Either channel of the channel pair may be designated as the negative or positive input. 


Data Sheets Bp) 


The common input on the ADCO838 can be used for a pseudo-differential input. In this mode, the voltage 
on the common input is considered to be the negative differential input for all channel inputs. This voltage 
can be any reference potential common to all channel inputs. Each channel input can then be selected 
as the positive differential input. This feature is useful when all analog circuits are biased to a potential 
other than ground. 


A conversion is initiated by setting the chip select (CS) input low, which enables all logic circuits. The 
CS input must be held low for the complete conversion process. A clock input is then received from the 
processor. On each low-to-high transition of the clock input, the data on the DI input is clocked into the 
multiplexer address shift register. The first logic high on the input is the start bit. A 3- to 4-bit assignment 
word follows the start bit. On each successive low-to-high transition of the clock input, the start bit and 
assignment word are shifted through the shift register. When the start bit is shifted into the start location 
of the multiplexer register, the input channel is selected and conversion starts. The SAR Status output 
(SARS) goes high to indicate that a conversion is in progress, and the DI input to the multiplexer shift 
register is disabled the duration of the conversion. 


An interval of one clock period is automatically inserted to allow the selected multiplexed channel to settle. 
The data output DO comes out of the high-impedance state and provides a leading low for this one clock 
period of multiplexer settling time. The SAR comparator compares successive outputs from the resistive 
ladder with the incoming analog signal. The comparator output indicates whether the analog input is greater 
than or less than the resistive ladder output. As the conversion proceeds, conversion data is simultaneously 
output from the DO output pin, with the most significant bit (MSB) first. 


After eight clock periods the conversion is complete and the SAR Status (SARS) output goes low. 


The ADC0834 outputs the least-significant-bit-first data after the MSB-first data stream. If the shift enable 
(SE) line is held high on the ADCO838, the value of the least significant bit (LSB) will remain on the data 
line. When SE is forced low, the data is then clocked out as LSB-first data. (To output LSB first, the SE 
control input must first go low, then the data stored in the 9-bit shift register outputs LSB first.) When 
CS goes high, all internal registers are cleared. At this time the output circuits go to the high-impedance 
state. If another conversion is desired, the CS line must make a high-to-low transition followed by address 
information. 
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4 


functional description (continued) 


The DI and DO pins can be tied together and controlled by a bidirectional processor I/O bit received on 
a single wire. This is possible because the DI input is only examined during the multiplexer addressing 
interval and the DO output is still in a high-impedance state. 


Detailed information on interfacing to most popular microprocessors is readily available from the factory. 


sequence of operation 


ADC0834 
1 2 3 4 5 6 S40" ee ee oe eo ee 21 
| | | 


&' A 
—4 e—tsu isin SELECT | 
ISTART BIT mete | 
|BIT SGL ODD 


| | | 
\«——_MSB-FIRST DATA «LL SB-FIRST st ate 


| 
MAX SETTLING 
TIME rs Ea 


| 
H1-Z HI-Z 
DO LSB 
7 6 2 1 0 1 2 6 7 


ADC0834 MUX ADDRESS CONTROL LOGIC TABLE 


MUX ADDRESS CHANNEL NUMBER 
nae ODD/EVEN es BIT 1 eT ee 


H 
L 
H 
L 
H 


H = high level, L = low level, — or + = polarity of selected input pin 


L 
L 
5 


H 
H 
H 
H 
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sequence of operation 


ADC0838 
AS a8 8 eB a — Pe ae 138 A ees ee et 2a ee 8 8 a 
a) | 
A Dee 
> It tsu Se 
|| (34 
Tike Boe. bs | 
cs ji ae | 
MUX | 
: ‘ADDRESSING > | ) 
| 
— le tsy | | | 
| | | | 
| | | 
| + SEL SEL; | | 
START! SIGN BIT 1 BITO | 
BIT! SGL ODD 1 o | |! 
4 


DIF EVEN 1 OO 


SE HELD LOW OR CONNECTED TOCS 


¢——-MSB-FIRST DATA —_-—___ LSB-FIRST DATA ————- 


| I | 
i? TIME H1I-Z 
pote time fol es TT OE TD Ti 
 f 6 1 0 1 2 3 4 5 6 7 
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2 
EO EEE 3 on, eb eae oad Bvt eee ae | SR Pane Set pidih See Bit Mee aa aos gaat; = Saas Lei eer il a Se Bie dy seem e es Oo 
| l E USED TO CONTROL LSB FIRST DATA 
SE i 
=] 
Ps iicd 
MUX | | ¢—MSB-FIRST DATA——— LSB-HELD ——-p————LSB-F IRST DATA > 
SETTLING l¢! | | 
Time |! | | | 
| \ | | | 
v1 [ws] | [| [| | = | | | [| [ [ [us 
7 6 2 1 0 1 oe ‘ee 7 
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ADC0838 MUX ADDRESS CONTROL LOGIC TABLE 


MUX ADDRESS SELECTED CHANNEL NUMBER 
rie ane SELECT 0 
seuse| ooo Ao 
L L ens 
L L L oH 
L L Mab 
L L H H 
L H Capa. 3 
L H L 4H 
L H H L 
2 L H H H 
H L wee 3 
H L Le 
S 
o> H L H H 
» H H ae § 
” H H ‘ee 
= H H eee 
ra) H H H H 
a H = high level, L = low level, — or + = polarity of selected input 
absolute maximum ratings over recommended operating free-air temperature range (unless otherwise 
noted) 
Sony: Voltage, VC lean Nolee Tae wi, oy. obs a ecedctaisla a Deedee en auale Me ogee oe 65 ¥ 
OAERNE ANCOREENESO ERE SERES RENIN ae ois NG edie “te gta a! nt ncn ny ng as ome gga sat ea ean ocean as aria - 0.3 V:to 15. V 
Cs eer eet To eae ae eee REPS: pec Nira ates ee tr ge -—0.3 V to Vcc +0.3 V 
SUE: CUUPTOIIES VTE ics oa. cera oe & soa: «6 0 why ws BO caren Ap) pe apie ao ot lee ole oe an 15 mA 
Puy CIO fe aside soles x egcaabe UE we Sodio Te Ra ncaa en ne ee ee et he +5 mA 
Fotal-input current toReickede sss eee eee Sa pee es at ewe Pin Sis be lees +20 mA 
Operating free-air temperature range: Al and BI suffixes .................... — 40°C to 85°C 
PC PIC OIRO Sees as Scbacee Geen 0°C:to- 70°C 
IOLAGe TeOmnnerntLNO THe? . 7.4 accla ta wane ee ce ead oy ae oie Sou ae Dek dae —65°C to 150°C 
Case temperature tor TO seconds: FN package... .. . icon a ne we oe we ele ae 260°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: N package............. 260°C 


NOTES: 1. All voltage values, except differential voltages, are with respect to the network ground terminal. 
2. Internal zener diodes are connected from the Vcc input to ground and from the V + input to ground. The breakdown voltage 
of each zener diode is approximately 7 V. One zener diode can be used as a shunt regulator and connects to Vcc through 
a regular diode. When the voltage regulator powers the converter, this zener and regular diode combination ensures that the 
Vcc input (6.4 V) is less than the zener breakdown voltage. A series resistor is recommended to limit current into the V + input. 
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recommended operating conditions 


fe ee ee eee ee ee ee 


% 


th Hold time, data valid after clockt Co aaa 
, Al and BI suffixes —40 85 
TA Operating free-air temperature nes 


AC and BC suffixes O 70 


NOTE 3: The clock duty cycle range ensures proper operation at all clock frequencies. If a clock frequency is used outside the recommended 


” 
duty cycle range, the minimum pulse duration (high or low) is 1 us. =) 
® 
electrical characteristics over recommended range of operating free-air temperature, ad 
Vcc = V+ = 5V, felock = 250 kHz (unless otherwise noted) op) 
digital section & 
wo | Al, BLSUFFIX | AC, BC SUFFIX O 
IOH = 
Or = 
TA 
Vo = SV, Ta = "25°C 
Vir =O, Ta = 25°C 
ORAS aS ee 
ARSC ea 
TAll parameters are measured under open-loop conditions with zero common-mode input voltage.(unless otherwise specified). 
All typical values are at Vcc = V+ = 5V,Ta = 25°C. 
U 
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electrical characteristics over recommended range of operating free-air temperature, 
Vec = V+ = 5V., felock = 250 kHz (unless otherwise noted) 


analog and converter section 


PARAMETER TEST CONDITIONST MIN Typt MAX | UNIT 


-—0.05 


See Note 4 


Vj = 5 V at on-channel 
: 
On-channel V; = O at on-channel, jee oat Re bias epee = ss 


total device 


VICR Common-mode input voltage range 


Standby input current 


| 
istdby) (see Note 5) 


PARAMETER TEST CONDITIONSt MIN TYP MAX | UNIT 


’ ) = 15 mA at V+ pin, 
Vz ___iInternal zener diode breakdown voltage 6.3 7 8.5 V 
See Note 2 
ia seme clavert eve ey an pe man (eS Se 


TAll parameters are measured under open-loop conditions with zero common-mode input voltage. 
+All typical values are at Vcc = 5 V, V+ = 5 V, Ta = 25°C. 
NOTES: 2. Internal zener diodes are connected from the Vcc input to ground and from the V + input to ground. The breakdown voltage 
of each zener diode is approximately 7 V. One zener diode can be used as a shunt regulator and connects to Vcc through 
a regular diode. When the voltage regulator powers the converter, this zener and regular diode combination ensures that the 
Vcc input (6.4 V) is less than the zener breakdown voltage. A series resistor is recommended to limit current into the V + input. 
4. If channel IN— is more positive than channel IN + , the digital output code will be 0000 0000. Connected to each analog input 
are two on-chip diodes that conduct forward current for analog input voltages one diode drop above Vcc. Care must be taken 
during testing at low Vcc levels (4.5 V) because high-level analog input voltage (5 V) can, especially at high temperatures, 
cause this input diode to conduct and cause errors for analog inputs that are near full-scale. As long as the analog voltage 
does not exceed the supply voltage by more than 50 mV, the output code will be correct. To achieve an absolute O V to 5 
V input voltage range requires a minimum Vcc of 4.950 V for all variations of temperature and load. 
5. Standby input currents are currents going into or out of the on or off channels when the A/D converter is not performing conversion 
and the clock is in a high or low steady-state condition. 
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operating characteristics V+ = Vcc = 5V, felock = 250 kHz, tr = tf = 20 ns, TA = 25°C (unless 
otherwise noted) 


Total unadjusted error (see Note 6) 


Common-mode error 

Change in zero-error from 
Vcc = 5 V to internal zener 
diode operation (see Note 2) 


BI, BC SUFFIX Ail, AC SUFFIX 
PARAMETER TEST CONDITIONSt UNIT 
MIN TYP MAX MIN TYP MAX 


Supply-voltage variation error Vcc = 4.75 V to 5.25 V 24/16. "+ 1/4 7/16. = 414 LSB 


Vref = 5 V, 
Ta = MIN to MAX 


Differential mode 


15 mA at V+>pin, 
Vref = 5 V. Voc open 


+1/16 +1/4 +1/16 +1/4 LSB 


NO 


Propagation delay time,| nase first data 650 1500 650 1500 
tpd output data after CLK! Ci = 100 pF 
feaa-Note 7} LSB-first data 250 600 250 600 ) 
a Output disable time, Cy = 10 pF, Ry = 10 kQ 4:25 250 125 250 @ 
dis D0 or SARS after CSI C= 100eF A =2k| —~——-s00|——S~=«OO ® 
j Conversion time (multiplexer 73 
me addressing time not included) 
14°] 
TAIll parameters are measured under open-loop conditions with zero common-mode input voltage. For conditions shown as MIN or MAX, — 
use the appropriate value specified under recommended operating conditions. QO 
NOTES: 2. Internal zener diodes are connected from the Vcc input to ground and from the V + input to ground. The breakdown voltage 
of each zener diode is approximately 7 V. One zener diode can be used as a shunt regulator and connects to Vcc through 
a regular diode. When the voltage regulator powers the converter, this zener and regular diode combination ensures that the 
Vcc input (6.4 V) is less than the zener breakdown voltage. A series resistor is recommended to limit current into the V + input. 
6. Total unadjusted error includes offset, full-scale, linearity, and multiplexer errors. 
7. The most significant bit (MSB) data is output directly from the comparator and therefore requires additional delay to allow 
for comparator response time. 
PARAMETER MEASUREMENT INFORMATION 
ee eee 
CLK 50% 50% 
GND 
VOC 
GND 
Vcc 
DATA IN 
(DI) 
—_——_——_— — GND 
FIGURE 1. DATA INPUT TIMING 
U 
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PARAMETER MEASUREMENT INFORMATION 


DATA 
OUT (DO) 


SE Ki 90% 
» FIGURE 2. DATA OUTPUT TIMING 
pe) 
2) Vcc 
= TEST 4 
O POINT $1 
_ FROM R 
” OUTPUT L 
UNDER 
TEST CL 
| ‘(See Note A) cs 
LOAD CIRCUIT 
—> it > et, 
| & Vv 
| 90% Vec 90% cc 
CS 50% cS 50% | 
(ee — GND en END 
| 
le} — ‘dis + tis 
ee to VOH | —Vec 
DO AND S1 open DO AND _ S1closed | 
losed SARS OUTPUT S2 i 6 
SARS OUTPUT S2closed = ™ en open 610% on 
VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS 
NOTE A: Cy includes probe and jig capacitance 


FIGURE 3. OUTPUT DISABLE TIME TEST CIRCUIT AND VOLTAGE WAVEFORMS 
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Linearity Error—LSB 


Offset Error—LSB 


TYPICAL CHARACTERISTICS 


UNADJUSTED OFFSET ERROR 
vs 
REFERENCE VOLTAGE 


H¥ice) = Vii OVE ah 

PLT TTT 
gS OMAN see TT ts EP EE 
| LT TAT PEt 


Ai iis 
NUTT TPT 

OS 
eT EW), ae | 
RA ES Ei 98 aE 
eR Pe NL Ee 


0 
0.01 0.1 1.0 10 
Vref—Reference Voltage—V 


FIGURE 4 


LINEARITY ERROR 
vs 
FREE-AIR TEMPERATURE 


Ta—Free-Air Temperature— C 


FIGURE 6 
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Linearity Error—LSB 


Linearity Error—LSB 


LINEARITY ERROR 
vs 
REFERENCE VOLTAGE 
1.5 


Vcc =5V 
felock = 250 kHz 
Ta =25°C 


1.25 
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0 1 2 3 4 5 
Vref—Reference Voltage—V 


FIGURE 5 


LINEARITY ERROR 
vs 
CLOCK FREQUENCY 


0 100 200 300 400 500 600 
felock — Clock Frequency -- kHz 


FIGURE 7 
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TYPICAL CHARACTERISTICS 


SUPPLY CURRENT 
vs 
FREE-AIR TEMPERATURE 


SUPPLY CURRENT 
vs 
CLOCK FREQUENCY 


<= < 
= E 
| | 
5 3 
O oO 
> 
> aa = 
9 5 S 
ee oo” ” 
pe) | | 
O 
nM 8 S 
> 
@ 
© 
lad 
7) 
TA — Free-Air Temperature — °C felock — Clock Frequency — kHz 
FIGURE 8 FIGURE 9 
OUTPUT CURRENT 
vs 
FREE-AIR TEMPERATURE 
< 
= 
| 
e 
= 
5 
O 
5 
a. 
5 
12) 
| 
2 
-—50 -—25 0 25 50 75 100 
Ta — Free-Air Temperature — °C 
FIGURE 10 
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Advanced LinCMOS™ Technology 
Zero Reading for 0-V Input 


Precision Null Detection with True Polarity 
at Zero 


1-pA Typical Input Current 
True Differential Input 
Multiplexed Binary-Coded-Decimal Output 


Low Rollover Error: +1 Count Maximum 


Control Signals Allow Interfacing with 
UARTs or Microprocessors 


® Autoranging Capability with Over- and 
Under-Range Signals 


TTL-Compatible Outputs 


Direct Replacement for Teledyne TSC7135, 
Intersil ICL7135, Maxim ICL7135, and 
Siliconix Si7135 


description 


The ICL7135C and TLC7135C converters are 
manufactured with Texas Instruments highly 
efficient Advanced LinCMOS™ technology. This 
4 1/2-digit dual-slope-integrating analog-to- 
digital converter is designed to provide interfaces 
to both a microprocessor and a visual display. 
The digit-drive outputs D1 through D4 and 
multiplexed binary-coded-decimal outputs, B1 
through B4, provide an interface for LED or LCD 
decoder/drivers as well as microprocessors. 


The ICL7135C and TLC7135C offer 50-ppm 
(one part in 20,000) resolution with a maximum 
linearity error of one count. The zero error is less 
than 10 pV and zero drift is less than 0.5 nV/°C. 
Source-impedance errors are minimized by low 
input current (less than 10 pA). Rollover error is 
limited to +1 count. 


The BUSY, STROBE, RUN/HOLD, OVER-RANGE, 
and UNDER-RANGE control signals support 
microprocessor-based measurement systems. 


1CL7135C, TLC7135C 


Advanced LinCMOS™ 4 1/2-DIGIT PRECISION 


ANALOG-TO-DIGITAL CONVERTERS 


D2851, DECEMBER 1986—REVISED MARCH 1988 


N PACKAGE 
(TOP VIEW) 


Vec - \ 28[ JUNDER-RANGE 
REF[ }2 27| }]OVER-RANGE 
ANLG COMMON[]3 261 J STROBE 
INT OUT ]4 25 
AUTO ZERO[]5 ~=— 24, JDOGTL GND 
BUFF OUT[]6 —_ 23[ ]POLARITY 


FN PACKAGE 
(TOP VIEW) 


[}] UNDER-RANGE 
[| OVER-RANGE 


| STROBE 


wf} ANLG COMMON 


#&{] INT OUT 


N 
ie) 
NO 
—~ 
NO 
o 


AUTO ZERO[)5 25(] RUN/HOLD 
BUFF OUT[J6 24(] DGTL GND 
Cre¢ — U7 23(] POLARITY 
Cret+ U8 22(] CLK 
IN- [9 21(] BUSY 
IN + [J10 20(] p1 (LSD) 
Vec+ 11 19L} D2 


i) 
Ww 


(MSD) D5 [J 
(LSB) B1 


AVAILABLE OPTIONSt 


SYMBOLIZATION OPERATING 
P 
DEVICE ACKAGE | TEMPERATURE 
SUFFIX RANGE 
ICL7135C FN, N O°C to: 70°C 
TLC7135C FN, N 0°C to 70°C 
Tin many instances, these ICs may have 


1CL7135C and TLC7135C symbolization on the 
package. 


The control signals also can support remote data acquisition systems with data transfer via universal 


asynchronous receiver transmitters (UARTs). 


The ICL7135C and TLC7135C are characterized for operation from O°C to 70°C. 


dy ~ Caution. This device has limited built-in gate protection. The leads should be shorted together or the device 
placed in conductive foam during storage or handling to prevent electrostatic damage. 


Advanced LinCMOS”™ is a trademark of Texas Instruments Incorporated. 


PRODUCTION DATA documents contain information 


current as of publication date. Products conform to j 
specifications per the terms of Texas Instruments TEXAS 


standard warranty. Production processing does not 


necessarily include testing of all parameters. INST RUMENTS 
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functional block diagram 


(23) (20) 


POLARITY POLARITY on Bes ne D1 (LSD) 
FROM ANALOG FLIP-FLOP Re LaTcH] | D2 ae 
N 
edad ak ae 8) 53 DRIVE 
eae, (17) D4 OUTPUT 
a ae (12) 55 (MSD) 
a(t) a 
ae pss Re 
/ 
(27) EONTROL COUNTERS MULTIPLEXER 
ereasani! Pe Hs) iste ae 
28 
iw) UNDER-RANGE Bee ee 
Q) (26) 
2 srroee 2 ee 
© pusy 12! 
dp) DGTL GND oi 
oe a ie 
® a] estou 
: Be ijl ae 
13 
(14) BINARY 
sehr CODED 
LATCH B4 DECIMAL 
(16) OUTPUT 
B8 (MSB) 
ANALOG SECTION 
Cref RINT Caz CiINT 
BUFF AUTO 
(8) 0 Cref + Cref —9 (7) OUT |(6) (5)| ZERO (4) INT OUT 
im ae — ——se le oe oss etme eel ——- se a —— inane a ae = a ma 2 See aero =a “T 


I 
INTEGRATOR 
i 

TO 


DIGITAL 
SECTION 


Vv! 
bec 


ANLG (3) 
COMMON 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


mumroy: Monge (Man. WI SOBNOOE TO Nees fte ge. eS eee io ep ed ee wie ace a tS 
Pra mout Voltagetpin Sor pin gap ties se ale ee RD Vo =:to VCCx 
Manerumee- Vanes TANGO. oS ow a ak ate et ey hie e+ «be Rist bs ent ee aeaee aia tem ¥VCG~. to Voce. 
See NASON SCNT TONNE Yay cis cca te teak en 2s phe w 1h Dim qtaebarne eee, Pisa @ cleat OV to VCC + 
iperating Treen cemperatuire range. = aoe oe ka wa. OR ig OG to 70°C 
PiOLache Teter atLite EONGG! cn: ao cel wo eM Ge oe Rie siete v aG Bios) CSR sa ViegS -65°C:to 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: N package ............ 260° 
Case temperacuie tor 10 seconds: FN: package: -. 5. oo ate i ea eres a Se a ee Woes 260°C 


recommended operating conditions 


Supply voltage, Vcc + 
Supply voltage, Vcc — 
Reference voltage, Vref po ty at Saal, 1S Muprigeer One a 


Low-level input voltage, CLK, RUN/HOLD, Vj, 
Differential input voltage, Vip 


Maximum operating frequency, fcigck (see Note 1) 
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Operating free-air temperature range, Ta 


NOTE 1: Clock frequency range extends down to O Hz. 


electrical characteristics, VCC + =5V,VCC-— = —5V., Vref = 1V. fclock = 120 kHz, Ta = 25°C 
(unless otherwise noted) 


PARAMETER 


High-level D1-D5,B1,B2,B4,B8 | lo = -1mA 
VOL Low-level output voltage lo = 1.6mA 


Peak-to-peak output noise voltage 
(see Note 2) 
Zero-reading temperature coefficient 


Vip = 9, Full Scale = 2 V 


Q 
VO of output voltage 


NH High-level input current O°C = Ta = 70°C 


Vi = OV, 
He Low-level input current Vi = OV, O°C ’s Ta.= 76°C 
1 


0 Ta = 2 
OFS AAs 2056 250 
Positi f ae Ta = 25°C 2 
CC + ositive supply current clock = 0°G = Ta = 70°C 
Sd wAC. 
ahah i = * 


I Input leakage current, pins 9 and 10 Vip = 


} =0.8 
Icc-— Negative supply current O°C = Ta =.70°C 


Cod Power dissipation capacitance See Note 3 40 


NOTES: 2. This is the peak-to-peak value that is not exceeded 95% of the time. 
3. Factor relating clock-frequency to increase in supply current. At Vcc + = 5 V 


lcc+ = IcC+(felock = 0) + Cpd x 5 V x felock 
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operating characteristics, Vcc + = 5 V, Vcc-— = —-5V, Vref = 1V, felock = 120 kHz, 
TA = 25°C (unless otherwise noted) 


PARAMETER TEST CONDITIONS MIN TYP MAX UNIT 


Full-scale temperature coefficient y ap eats t 70°C 6 joc 
¥ = ; < < m 
ay (see Note 4) ‘D : & 

Differential linearity error (see Note 5) =2V <= Vip s-2¥ 


+ Full-scale symmetry error (see Note 6) 
Vip = +2V 0.5 1 count 
(rollover error) 
Digital 
Display reading with O-V input Vip = 0, OFC s Tare -702€ -0.0000 +0.0000 +0.0000 Rear 
eading 


2 eee ; Vip = Vref TA = 25°C +0.9998 +0.9999 +1.0000 | Digital 
Display reading in ratiometric operation 
OFC =: Ta-=-f70°%E +0.9995 +0.9999 +1.0005 | Reading 
os NOTES: 4. This parameter is measured with an external reference having a temperature coefficient of less than 0.01 ppm/°C. 
w~> 5. The magnitude of the difference between the worst case step of adjacent counts and the ideal step. 
pe) 6. Rollover error is the difference between the absolute values of the conversion for 2 V and ~—2 V. 
” 
ie 
9°) 
4°) 
om 
7) 
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timing diagrams 


END OF CONVERSION 
Pe 


Busy? | 
STROBE! Y Y 


le >! 200 
COUNTS 2 
D5 
P pl 201 200 +¢—_—-» ” 
COUNTS COUNTS 5 
D4 2 
200 +4 
COUNTS 7) 
| & 
D3 “ 
200 i >! 
COUNTS Q 
D2 | 
200 {gp 
COUNTS 
200 +4¢—____-»| 
COUNTS 


T Delay between BUSY going low and the first STROBE pulse is dependent upon the analog input. 
FIGURE 1 


DIGIT SCAN mM M M D5 
FOR OVER-RANGE 


FIGURE 2 
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timing diagrams (continued) 


INTEGRATOR 
OUTPUT 


AUTO- SIGNAL DE-INTEGRATE 
ZERO INT. 
10,001 10,000 20,001 
COUNTS COUNTS COUNTS MAX. 


2 \¢———— FULL MEASUREMENT CYCLE————_>} 
40,002 COUNTS 

0b) 

poe 

& O V E R ¢ R A N fe E KKK KKK KK KKK KKK KKK XK KKK KY 

—Y aL MBE RSBE Pita iternennnnnnnns 

— 

@ 
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FIGURE 3 
STROBE | | TT tam RRO 


AUTO ZERO 


SIGNAL INTEGRATE-PH¢ DE-INTEGRATE? 


DIGIT SCAN 


pst 
FOR OVER-RANGE : 


TFirst D5 of AUTO ZERO and DE-INTEGRATE is one count longer. 
FIGURE 4 
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PRINCIPLES OF OPERATION 
A measurement cycle for the ICL7135C and TLC7135C consists of the following four phases. 


1. Auto-Zero Phase. The internal IN+ and IN-— inputs are disconnected from the pins and internally 
connected to ANLG COMMON. The reference capacitor is charged to the reference voltage. The 
system is configured in a closed loop and the auto-zero capacitor is charged to compensate for offset 
voltages in the buffer amplifier, integrator, and comparator. The auto-zero accuracy is limited only 
by the system noise, and the overall offset, as referred to the input, is less than 10 pV. 


2. Signal Integrate Phase. The auto-zero loop is opened and the internal IN+ and IN— inputs are 
connected to the external pins. The differential voltage between these inputs is integrated for a fixed 
period of time. If the input signal has no return with respect to the converter power supply, IN — 
can be tied to ANLG COMMON to establish the correct common-mode voltage. Upon completion 
of this phase, the polarity of the input signal is recorded. 


3. De-integrate Phase. The reference is used to perform the de-integrate task. The internal IN— is 
internally connected to ANLG COMMON and IN + is connected across the previously charged reference 
capacitor. The recorded polarity of the input signal is used to ensure that the capacitor will be connected 
with the correct polarity so that the integrator output polarity will return to zero. The time, which 
is required for the output to return to zero, is proportional to the amplitude of the input signal. The 
return time is displayed as a digital reading and is determined by the equation 10,000 x (Vip/Vref). 
The maximum or full-scale conversion occurs when Vjp is two times Vref. 


4. Zerolntegrator Phase. The internal IN— is connected to ANLG COMMON. The system is configured 
in a closed loop to cause the integrator output to return to zero. Typically this phase requires 100 
to 200 clock pulses. However, after an over-range conversion, 6200 pulses are required. 


description of analog circuits 


input signal range 


The common mode range of the input amplifier extends from 1 V above the negative supply to 1 V below 
the positive supply. Within this range, the common mode rejection ratio (CMRR) is typically 86 dB. Both 
differential and common mode voltages cause the integrator output to swing. Therefore, care must be 
exercised to assure the integrator output does not saturate. 


analog common 


Analog common (ANLG COMMON) is connected to the internal IN— during the auto-zero, de-integrate, 
and zero integrator phases. If IN— is connected to a voltage which is different than analog common during 
the signal integrate phase, the resulting common mode voltage will be rejected by the amplifier. However, 
in most applications, IN LO will be set at a known fixed voltage (power supply common for instance). 
In this application, analog common should be tied to the same point, thus removing the common mode 
voltage from the converter. Removing the common mode voltage in this manner will slightly increase 
conversion accuracy. 


reference 


The reference voltage is positive with respect to analog common. The accuracy of the conversion result 
is dependent upon the quality of the reference. Therefore, to obtain a high accuracy conversion, a high 
quality reference should be used. 
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description of digital circuits 


RUN/HOLD input 


When the RUN/HOLD input is high or open, the device will continuously perform measurement cycles every 
40,002 clock pulses. If this input is taken low, the IC will continue to perform the ongoing measurement 
cycle and then hold the conversion reading for as long as the pin is held low. If the pin is held low after 
completion of a measurement cycle, a short positive pulse (greater than 300 ns) will initiate a new 
measurement cycle. If this positive pulse occurs before the completion of a measurement cycle, it will 
not be recognized. The first STROBE pulse, which occurs 101 counts after the end of a measurement 
cycle, is an indication of the completion of a measurement cycle. Thus, the positive pulse could be used 
to trigger the start of a new measurment after the first STROBE pulse. 


STROBE input 


Negative going pulses from this input are used to transfer the BCD conversion data to external latches, 
UARTS, or microprocesors. At the end of the measurement cycle, the digit-drive (D5) input goes high and 
remains high for 201 counts. The most significant digit (MSD) BCD bits are placed on the BCD pins. After 
the first 101 counts, halfway through the duration of output D1-D5 going high, the STROBE pin goes low 
for 1/2 clock pulse width. The placement of the STROBE pulse at the midpoint of the D5 high pulse allows 
the information to be latched into an external device on either a low-level or an edge. Such placement 
of the STROBE pulse also ensures that the BCD bits for the second MSD will not yet be competing for 
the BCD lines and latching of the correct bits is assured. The above process is repeated for the second 
MSD and the D4 output. Similarly, the process is repeated through the least significant digit (LSD). 
Subsequently, inputs D5 through D1 and the BCD lines will continue scanning without the inclusion of 
STROBE pulses. This subsequent continuous scanning causes the conversion results to be continuously 
displayed. Such subsequent scanning does not occur when an over-range condition occurs. 
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BUSY output 


The BUSY output goes high at the beginning of the signal integrate phase and remains high until the first 
clock pulse after zero-crossing or at the end of the measurement cycle if an over-range condition occurs. 
It is possible to use the BUSY pin to serially transmit the conversion result. Serial transmission can be 
accomplished by ANDing the BUSY and CLOCK signals and transmitting the ANDed output. The transmitted 
output consists of 10,001 clock pulses, which occur during the signal integrate phase, and the number 
of clock pulses, which occur during the de-integrate phase. The conversion result can be obtained by 
subtracting 10,001 from the total number of clock pulses. 


OVER-RANGE output 


When an over-range condition occurs, this pin goes high after the BUSY signal goes low at the end of 
the measurement cycle. As previously noted, the BUSY signal remains high until the end of the measurement 
cycle when an over-range condition occurs. The OVER-RANGE output goes high at end of BUSY and goes 
low at the beginning of the de-integrate phase in the next measurement cycle. 


UNDER-RANGE output 


At the end of the BUSY signal, this pin goes high if the conversion result is less than or equal to 9% (count 
of 1800) of the full-scale range. The UNDER-RANGE output is brought low at the beginning of the signal 
integrate phase of the next measurement cycle. 
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PRINCIPLES OF OPERATION 
POLARITY output 


The POLARITY output is high for a positive input signal and is updated at the beginning of each de-integrate 
phase. The polarity output is valid for all inputs including +O and over-range signals. 


digit-drive (D5, D4, D2 and D1) outputs 


Each digit-drive output (D1 through D5) sequentially goes high for 200 clock pulses. This sequential process 
is continuous unless an over-range occurs. When an over-range occurs, all of the digit drive outputs are 
blanked from the end of the strobe sequence until the beginning of the de-integrate phase (when the 
sequential digit drive activation begins again). The blanking activity, during an over-range condition, may 
be used to cause the display to flash and indicate the over-range condition. 


BCD outputs 


The BCD bits (B8, B4, B2 and B1) for a given digit are sequentially activated on these outputs. 
Simultaneously, the appropriate Digit-drive line for the given digit is activated. 


system aspects 


integrating resistor 


The value of the integrating resistor (RjNT) is determined by the full scale input voltage and the output 
current of the integrating amplifier. The integrating amplifier can supply 20 vA of current with negligible 
non-linearity. The equation for determining the value of this resistor is as follows: 


FULL-SCALE VOLTAGE 


R = 
pe INT 

Integrating amplifier current, liNT, from 5 to 40 pA will yield good results. However, the nominal and 

recommended current is 20 pA. 


integrating capacitor 


The product of the integrating resistor and capacitor should be selected to give the maximum voltage swing 
without causing the integrating amplifier output to saturate and get too close to the power supply voltages. 
If the amplifier output is within 0.3 V of either supply, saturation will occur. With + 5-V supplies and ANLG 
COMMON connected to ground, the designer should design for a +3.5-V to +4-V integrating amplifier 
swing. A nominal capacitor value is 0.47 nF. The equation for determining the value of the integrating 
capacitor (CjNT) is as follows: 


een. 10,000 x CLOCK PERIOD x lint 
INT ~ INTEGRATOR OUTPUT VOLTAGE SWING 


where: IjNT is nominally 20 pA. 


Capacitors with large tolerances and high dielectric absorption can induce conversion inaccuracies. A 
capacitor, which is too small could cause the integrating amplifier to saturate. High dielectric absorption 
causes the effective capacitor value to be different during the signal integrate and de-integrate phases. 
Polypropylene capacitors have very low dielectric absorption. Polystyrene and Polycarbonate capacitors 
have higher dielectric absorption, but also work well. 
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PRINCIPLES OF OPERATION 


auto-zero and reference capacitor 


Large capacitors will tend to reduce noise in the system. Dielectric absorption is unimportant except during 
power-up or overload recovery. Typical values are 1 pF. 


reference voltage 


sja9us eleg Bh 


For high-accuracy absolute measurements, a high quality reference should be used. 


rollover resistor and diode 


The ICL7135C and TLC7135C have a small rollover error, however it can be corrected. The correction 
is to connect the cathode of any silicon diode to the INT OUT pin and the anode to a resistor. The other 
end of the resistor is connected to ANLG COMMON or ground. For the recommended operating conditions 
the resistor value is 100 kQ. This value may be changed to correct any rollover error which has not been 
corrected. In many non-critical applications, the resistor and diode are not needed. 


maximum clock frequency 


For most dual-slope A/D converters, the maximum conversion rate is limited by the frequency response 
of the comparator. In this circuit, the comparator follows the integrator ramp with a 3 us delay. Therefore, 
with a 160-kHz clock frequency (6 us period), half of the first reference integrate clock period is lost in 
delay. Hence, the meter reading will change from O to 1 with a 50-zV input, 1 to 2 with a 150-V input, 
2 to 3 with a 250-yV input, etc. This transition at midpoint is desirable; however, if the clock frequency 
is increased appreciably above 160 kHz, the instrument will flash ‘’1'’ on noise peaks even when the input 
is shorted. The above transition points assume a 2-V input range is equivalent to 20,000 clock cycles. 


If the input signal is always of one polarity, comparator delay need not be a limitation. Clock rates of 1 MHz 
are possible since non-linearity and noise do not increase substantially with frequency. For a fixed clock 
frequency, the extra count or counts caused by comparator delay will be a constant and can be subtracted 
out digitally. 


For signals with both polarities, the clock frequency can be extended above 160 kHz without error by 
using a low value resistor in series with the integrating capacitor. This resistor causes the integrator to 
jump slightly towards the zero-crossing level at the beginning of the de-integrate phase and thus, 
compensates for the comparator delay. This series resistor should be 10 2 to 5022. This approach allows 
clock frequencies up to 480 kHz. 


minimum clock frequency 


The minimum clock frequency limitations result from capacitor leakage from the auto-zero and reference 
Capacitors. Measurement cycles as high as 10 s are not influenced by leakage error. 


rejection of 50 Hz or 60 Hz pickup 


To maximize the rejection of 50 Hz or 60 Hz pickup, the clock frequency should be chosen so that an 
integral multiple of 50 Hz or 60 Hz periods occur during the signal integrate phase. To achieve rejection 
of these signals, some clock frequencies which could be used are as follows: 


50 Hz: 250, 166.66, 125, 100 kHz, etc. 
60 Hz: 300, 200, 150, 120, 100, 40, 33.33 kHz, etc. 
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PRINCIPLES OF OPERATION 
zero-crossing flip-flop 


This flip-flop interrogates the comparator’s zero-crossing status. The interrogation is performed after the 
previous clock cycle and the positive half of the ongoing clock cycle have occurred so that any comparator 
transients which result from the clock pulses do not affect the detection of a zero-crossing. This procedure 
delays the zero-crossing detection by one clock cycle. To eliminate the inaccuracy, which is caused by 
this delay, the counter is disabled for one clock cycle at the beginning of the de-integrate phase. Therefore, 


when the zero-crossing is detected one clock cycle later than the zero-crossing actually occurs, the correct 
number of counts is displayed. 


noise 


The peak-to-peak noise around zero is approximately 15 nV (peak-to-peak value not exceeded 95% of 
the time). Near full scale, this value increases to approximately 30 nV. Much of the noise originates in 
the auto-zero loop, and is proportional to the ratio of the input signal to the reference. 


analog and digital grounds 


For high-accuracy applications, ground loops must be avoided. Return currents from digital circuits must 
not be sent to the analog ground line. 


Data Sheets By. 


power supplies 


The ICL7135C and TLC7135C are designed to work with + 5-V power supplies. However, 5-V operation 
is possible if the input signal does not vary more than +1.5 V from mid-supply. 
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D2642, FEBRUARY 1986—REVISED MAY 1988 


® Total Unadjusted Error... +0.75 LSB Max N DUAL-IN-LINE PACKAGE 
for TLO808 and +1.25 LSB Max for (TOP VIEW) 
TLO809 Over Temperature Range 
Gir 


@ ideal for Battery Operated, Portable 


Instrumentation Applications INPUTS 
@ Resolution of 8 Bits V rooness 
: ; START L]6 
@ 100 us Conversion Time 221] ALE 
® Ratiometric Conversion 21} 2- } (SB) 
20f] 2-2 
@® Monotonic Over the Entire A/D Conversion 2-3 
Range ial] 2-4 
ae REF+[}12 17[]2~8 (LSB) 
@ No Missing Codes 16] REF - n 
: 15f] 2-6 tee 
@ Easy Interface with Microprocessors rab) 
® 
@® Latched 3-State Outputs fa 
FN PACKAGE ) 
@® Latch r n 
atched Address Inputs (TOP VIEW) = 
@ Single 2.75-V to 5.5-V Supply ontnneo o 
E ms Es FEEE Q 
@ Extremely Low Power aaa a a a 4 
Censempton: .. 0.0 MW vps oo eS ee ee 
@ Improved Direct Replacements for INPUT 75 A 
EOC {J 7 23UC 
description 2-508 22[] ALE 
a OEf}9 21(4]2-1 (MSB 
The TLO808 and TLO809 are monolithic CMOS eee a ear mee 
devices with an 8-channel multiplexer, an 8-bit Vecchi isf}2-3 
analog-to-digital (A/D) converter, and 13.14 15 
microprocessor-compatible control logic. The apa ee 
8-channel multiplexer can be controlled by a Win tl D 
microprocessor through a 3-bit address decoder as Pie: 
with address load to select any one of eight Ke 
single-ended analog switches connected directly 
to the comparator. The 8-bit A/D converter uses 
the successive-approximation conversion 
technique featuring a high-impedance threshold detector, a switched-capacitor array, a sample-and-hold, 
and a successive-approximation register (SAR). Detailed information on interfacing to most popular 
microprocessors is readily available from the factory. These devices are designed to operate from common 
microprocessor control buses, with three-state output‘latches driving the data bus. The devices can be 
made to appear to the microprocessor as a memory location or an I/O port. 
The comparison and converting methods used eliminate the possibility of missing codes, nonmonotonicity, 
and the need for zero or full-scale adjustment. Also featured are latched 3-state outputs from the SAR 
and latched inputs to the multiplexer address decoder. The single 2.75-V to 5.5-V supply and extremely 
low power requirements make the TLO808 and TLO809 especially useful for a wide variety of applications 
including portable battery and LCD applications. Ratiometric conversion is made possible by access to 
the reference voltage input terminals. 
The TLO808 and TLO8O9 are characterized for operation from —40°C to 85°C. 
PRODUCTION DATA documents contain information * Copyright © 1986, Texas Instruments Incorporated 
maski as of eee date. pee can to T 4 
specifications per the terms of texas instruments 
sontard gareanty. Bratuctian processing does not EXAS 2-81 
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functional block diagram (positive logic) 


SAMPLE-AND-HOLD 


BINARY-WEIGHTED 
CAPACITORS 


(12) 
REF ee SWITCH x 
REF MATRIX 
THRESHOLD 

» (28) DETECTOR >-8 (LSB) 

jee aay 
2 2 (28) 2-6 

ANALOG OUTPUT 2-5 DIGITAL 
ANALOG J 3 MULTI- LATCHES 24 OUTPUTS 
O INPUTS PLEXER (19) 5-3 
© Ney 
eae G 
ra) 5 bil ae 2-1 (MSB) 
(7) END OF 

6 CONTROL 
~ CONVERSION (EOC) 
a 
4 

10) 

or crock 40). 
17) 


START CONVERSION (START) 
OUTPUT ENABLE (OE) 


ADDRESS A 
ADDRESS B 
ADDRESS C 
ADDRESS LOAD 
ENABLE (ALE) 


ADDRESS 
DECODER 


MULTIPLEXER FUNCTION TABLE 
INPUTS SELECTED 


ADDRESS ADDRESS ANALOG 
STROBE CHANNEL 


oO 
is 


a gi a AS eS OE SRE peeled oe 
-_ ->-> > -_-> -> > - — 


L 
L 
L 
L 
H 
H 
H 
H 


H high level, L = low level 
low-to-high transition 
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operating sequence 


aa ca 


START ‘ tan 
CONVERSION 50% 7 \ ca 
REN FE EES ES AEN INE OSE PETER 
eereenea. See tw(S) 
ADDRESS LOAD es : 
ENABLE ss a eke FEROS Se FARINA SIRO. ee hee 
i (ALC) 
l—*+ ADDRESS STABLE PDE BS. I EE Re NC GREE EO 
ADDRESS 50% 50% | 2 
! | foo: ? —wXwx—ree 
YY 
ANALOG INPUT ¥ , | ANALOG VALUE X 2 
Sree INPUT STABLE ——————- > —__.) . 
| 
(INTERNAL) ! 7 ” 
oS gs 
END OF | 50% PEE EET van eae fae] 
CONVERSION , | 1 QO 
h—td(EOC) —+ | 
aieehe APR TBR ATSC | ONE Re cea ET 
ENABLE Meta! ARBs Ce ED sabi aeons 
at al + t= tdis 
| 
LATCH OUTPUTS coke oa 
HI-Z STATE 10% 10% 
U 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


SURDIY: Vettaan,. Vier tee Notes ais ons ce. 0a <soeee ic. vn a gg ee ee eee ee 6.5 V 
Inpist-VOltate rama: Genito: Ite fe ois ss dacs Road eee < TDs cola oe see —0.3 to 15: ¥ 

a CAT SI) Ph ish ae ES es —O;3V te Vec + 0.3-V 
Operating tree-air temperature range 2) f.. Sei Eo — 40°C to 85°C 
StOroge SemIperattine TANG co ooh Fes 3-5 Ri esa: oat Lite ee se eee —65°C to. 150°C 
Cae etetmcuia Tul .vu SeGunie: Wn DPAER OGG... ates, ck. abicn po Suicetatas > aredacee re aie 260°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: N package ............ 260°C 


NOTE 1: All voltage values are with respect to network ground terminal. 


2 


recommended operating conditions 


Operating free-air temperature, Ta (see Note 4) 


sj90uUsS e1eq 


NOTES: 2. The accuracy of the conversion will depend on the stability of the reference voltages applied. 
3. Analog voltages greater than or equal to Vref + convert to all highs, and all voltages less than V;e¢— convert to all lows. 
4. For proper operation of the TLO808 and TLO80O9 at free-air temperatures below 0°C, Vcc and (Vref + — Vref —) should not 
be less than 3 V. 


electrical characteristics over recommended operating free-air temperature range, VCC = 3 V to 5.25 V 
(unless otherwise noted) 


total device 


PARAMETER 


io = 16 mA 
VoL Low-level output voltage > 
io = 12 mA 


Off-state (high-impedance-state) Vo = Vcc 


| 
02 output current Vo = 0 


Vec = 3V, felock = 640 kHz 500 
Co Output capacitance, data outputs 
Resistance from pin 12 to pin 16 DSSS eS Bee 


lcc Supply current 


TTypical values are at Vcc = 3 V and Ta = 25°C. 
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| TLO808, TLO809 
LOW-POWER CMOS ANALOG-TO-DIGITAL CONVERTERS 
WITH 8-CHANNEL MULTIPLEXERS 


analog multiplexer 


PARAMETER TEST CONDITIONS MIN Typt MAX UNIT 
lon Channel on-state current (see Note 5) : pA 
Veco = 3 V/-Vpsc3¥ 10 200 e 
n 
Ty = 26°C/ Vio 10 —200 


loff Channel off-state current 


tTypical values are at Vcc = 3 V and Ta = 25°C. 
NOTE 5: Channel on-state current is primarily due to the bias current into or out of the threshold detector, and it varies directly with clock 


frequency. 2 
timing requirements, TA = 25°C, Vcc = Vref+ = 3 V. Vref-— = O (unless otherwise noted) os 
co 
® 
tconv Conversion time (see Note 6) ® 
i 
folock Clock frequency dp) 
twis Start pulse duration : © 
~ 
twiALC) Address load control pulse duration ee as ee i409) 
tsu___ Address setup time ios ee 
td(EOC Delay time, end of conversion output (see Notes 6 and 7) 0 14.5 
operating characteristics, Ta = 25°C, VCC = Vref + = 3 V. Vref — = 0, fclock = 640 kHz (unless 
otherwise noted) 
: TLO808 TLO809 
PARAMETER TEST CONDITIONS 
, Supply voltage Vcc = Vref+ = 3 V to 5.25 V, 
avs sensitivity Ta = —40°C to 85°C, See Note 8 
Linearity error 
(see Note 9) 
Zero error (see Note 10) 
Total unadjusted 
error (See Note 11) 
tdis Output disable time Ci = 10 pF, RL = 10 kQ 
TTypical values for all except supply voltage sensitivity are at Vec = 3 V. 
NOTES: _ 6. Refer to the operating sequence diagram. 
7. For clock frequencies other than 640 kHz, tg(EQC) Maximum is 8 clock periods plus 2 us. 
8. Supply voltage sensitivity relates to the ability of an analog-to-digital converter to maintain accuracy as the supply voltage 
varies. The supply and Vref + are varied together and the change in accuracy is measured with respect to full-scale. 
9. Linearity error is the maximum deviation from a straight line through the end points of the A/D transfer characteristic. 
10. Zero error is the difference between OOO000000 and the converted output for zero input voltage; full-scale error is the difference 
between 11111111 and the converted output for full-scale input voltage. 
11. Total unadjusted error is the maximum sum of linearity error, zero error, and full-scale error. 
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TLO808, TLO809 
LOW-POWER CMOS ANALOG-TO-DIGITAL CONVERTERS 
WITH 8-CHANNEL MULTIPLEXERS 


PRINCIPLES OF OPERATION 


The TLO808 and TLO809 each consists of an analog signal multiplexer, an 8-bit successive-approximation 
converter, and related control and output circuitry. 


multiplexer 


The analog multiplexer selects 1 of 8 single-ended input channels as determined by the address decoder. 
Address load control loads the address code into the decoder on a low-to-high transition. The output latch 
is reset by the positive-going edge of the start pulse. Sampling also starts with the positive-going edge 
of the start pulse and lasts for 32 clock periods. The conversion process may be interrupted by a new 
start pulse before the end of 64 clock periods. The previous data will be lost if a new start of conversion 
occurs before the 64th clock pulse. Continuous conversion may be accomplished by connecting the End- 
of-Conversion output to the start input. If used in this mode an external pulse should be applied after power 
up to assure start up. 


2 


converter 


The CMOS threshold detector in the successive-approximation conversion system determines each bit 
by examining the charge on a series of binary-weighted capacitors (Figure 1). In the first phase of the 
conversion process, the analog input is sampled by closing switch Sc and all ST switches, and by 
simultaneously charging all the capacitors to the input voltage. 


$1990US Beg 


In the next phase of the conversion process, all St and SC switches are opened and the threshold detector 
begins identifying bits by identifying the charge (voltage) on each capacitor relative to the reference voltage. 
In the switching sequence, all eight capacitors are examined separately until all 8 bits are identified, and 
then the charge-convert sequence is repeated. In the first step of the conversion phase, the threshold 
detector looks at the first capacitor (weight = 128). Node 128 of this capacitor is switched to the reference 
voltage, and the equivalent nodes of all the other capacitors on the ladder are switched to REF —. If the 
voltage at the summing node is greater than the trip-point of the threshold detector (approximately one- 
half the Vcc voltage), a bit is placed in the output register, and the 128-weight capacitor is switched 
to REF-—. If the voltage at the summing node is less than the trip point of the threshold detector, this 
128-weight capacitor remains connected to REF + through the remainder of the capacitor-sampling (bit- 
counting) process. The process is repeated for the 64-weight capacitor, the 32-weight capacitor, and so 
forth down the line, until all bits are counted. 


With each step of the capacitor-sampling process, the initial charge is redistributed among the capacitors. 
The conversion process is successive approximation, but relies on charge redistribution rather than a 
successive-approximation register (and reference DAC) to count and weigh the bits from MSB to LSB. 


Sc 


THRESHOLD 
DETECTOR 


TO 
OUTPUT 
LATCHES 


128 64 32 16 8 4 2 1 1 


NODE 128 PREF+ qner+ @REFs @REF+ REFS gree? REE RREE? 
GZ 9 79 Ge «79 9 7 9-9 


REF — REF-— REF— REF— REF— REF-— REF-— REF— REF— 


FIGURE 1. SIMPLIFIED MODEL OF THE SUCCESSIVE-APPROXIMATION SYSTEM 
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TL182, TL185, TL188, TL191 
BI-MOS SWITCHES 


D2234, JUNE 1976—REVISED SEPTEMBER 1986 


Functionally Interchangeable with Siliconix @ Uniform On-State Resistance for Minimum 
DG182, DG185, DG188, DG191 with Same Signal Distortion 
SET aR NSIS +10-V Analog Voltage Range 


Moncinle Sinapnaescn TTL, MOS, and CMOS Logic Control 


Adjustable Reference Voltage Compatibility 
JFET Inputs 
TL182 
hee N PACKAGE 
description 
(TOP VIEW) 


The TL182, TL185, TL188, and TL191 are 
monolithic high-speed analog switches using BI- 
MOS technology. They comprise JFET-input 
buffers, level translators, and output JFET 
switches. The TL182 switches are SPST; the 
TL185 switches are SPDT. The TL188 is a pair 
of complementary SPST switches as is each half 
of the TL191. 


A high level at a control input of the TL182 turns TL185 
the associated switch off. A high level at a bat cette a 
control input of the TL185 turns the associated TER Nee 
switch on. For the TL188, a high level at the 
control input turns the associated switches S1 
on and S2 off. 


Y 
~ 
® 
® 
ohes 
op) 
© 
~ 
4°) 
a) 


The threshold of the input buffer is determined 
by the voltage applied to the reference input 
(Vref). The input threshold is related to 
the reference input by the equation 
Vth = Vref + 1.4 V. Thus, for TTL compati- 
bility, the Vref input is connected to ground. The TL188 
JFET input makes the device compatible with N PACKAGE 
bipolar, MOD, and CMOS logic families. (TOP VIEW) 
Threshold compatibility may, again, be 
determined by Vth = Vref +1.4 V. 


The output switches are junction field-effect 
transistors featuring low on-state resistance and 
high off-state resistance. The monolithic 
structure ensures uniform matching. 


BI-MOS technology is a major breakthrough in 
linear integrated circuit processing. BI-MOS can TL191 
have ion-implanted JFETs, p-channel MOS-FETs, N PACKAGE 
plus the usual bipolar components all on the (TOP VIEW) 
same chip. BI-MOS provides for monolithic 
circuit designs that previously have been 
available only as expensive hybrids. 


M-suffix devices are characterized for operation 
over the full military temperature range of 
—55°C to 125°C. I-suffix devices are 
characterized for operation from —25°C to 
85°C, and C-suffix devices are characterized for 
operation from 0°C to 70°C. 


NC —No internal connection 


PRODUCTION DATA documents contain information Copyright © 1984, Texas Instruments Incorporated 


current as of publication date. Products conform to ] 
specifications per the terms of Texas Instruments TEXAS 
standard warranty. Production processing does not 


necessarily include testing of all parameters. IN STRUMENTS 
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TL182, TL185 
BI-MOS SWITCHES 


TL182 TWIN SPST SWITCH 
schematic (each channel) 


Via Mec 


| TO OTHER HALF 


ae 


& Sally | 
Ni 


” 


FUNCTION TABLE 
(EACH HALF) 


SWITCH 
A S 
L ON (CLOSED) 


sjaaus e1eg BS 


TO OTHER HALF 


VEE Vref 


TL185 TWIN DPST SWITCH 
schematic (each channel) 


VELL Vcc 
bro OTHER HALF 


ie 
asl 


VEE Vref 


1D1 
1D2 


~” 
= 


201 
2D2 


0 
N 


” 
N 


FUNCTION TABLE 
(EACH HALF) 


INPUT SWITCHES 
SW1 AND Sw2 
L OFF (OPEN) 
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TL188, TL191 
BI-MOS SWITCHES 


TL188 DUAL COMPLEMENTARY SPST SWITCH 
schematic 


symbol 
Meg ¥Ce 
es ine Fe on ge ee D1 
ee 
eas ae - 
ARES ea 
a Cs Beas See SS | 

D2 


$2 
FUNCTION TABLE 


Le N. INPUT SWITCHES 
A SWw1 Sw2 : 
L OFF (OPEN) ON (CLOSED) 
E ¥ H ON (CLOSED) OFF (OPEN) 


VEE Vref 


TL191 TWIN DUAL COMPLEMENTARY SPST SWITCH 


schematic (each channel) symbol 


ViL----Vee 
: TO OTHER HALF 
ES Ree Bae D1 
i. : 
1D2 
a a = 
SORSRERELE PE 
SES Se 


2D1 
2D2 


S2 
oe FUNCTION TABLE 


Lc SWITCHES 
sw1 sw2 
L OFF (OPEN) ON (CLOSED) 
H ON (CLOSED) OFF (OPEN) 


} TO OTHER HALF 


VEE Vref 


wy 


Data Sheets a 
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TL182, TL185, TL188, TL191 
BI-MOS SWITCHES 


functional block diagram 


2 


See the preceding two pages for operation of the switches. 


© absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 
~ Positive supply: tornegative Supply voltage, VCl  — VER Wools. a soni.ee wes elas ba 36 V 
© Fositive:- Supoy Voltage fo ertner drain, VEC. — OVP oe ah ee. yl eee Sm Pe ee Sed ieee 33-¥ 
—Y Drain co Nedauve SUDEIyIVOatG, Volos MEE! jc. os fads bas «dbus Seely be Uae one © > ete SV, 
> Ere BOER WO Myer my SS iat ate Fy iy kein oo eR: Shay fret Sis ube a ly, pew EPA e ape eee IS eae Saale gee WV 
s LOGIC SUDDIY to Deusuve Buoy wondae, Vito —i WER oe ci oy se i ate nee a ee SS ES 36 V7 
D COOK BUD LomUiCelate OIG W pt seo Es A 5k By, clas sa) Bs. ate bear ee” mame pa a po piece deca: 33 °V 
Logic. ‘supply to reference voltage, Viio— Vref. 2. 2). doce Se re ere BA ee 33 V 
LOCie ANDE: tO TETSrenSe. VOUSUE Mb Wiagh vies ek sire Sa ee wo Yelp acaba ae ee eT ee 9 30 V 
Rergrence’ to- negative sumo Voltage. Vrato— VEE Sie. 6 oe ree en ee ee ee 22M 
RECT EV eet Coma rc SoS ist ars OF Es) 5 2: Palas Cee ke” ta cea ee Cane nN ea Aveeno UM RMR Sty aie al eee 2V 
CUE tts (ORT TOTO eam sa ls oh Date soda A Gt OR eee Bae een Siena aer ae 30 mA 
Operating free-air temperature range: TL182M, TL185M, TL188M, TL191M .... -—55°C to 125°C 
MAGZ TEVSa aw bd Bali de eM ee eter uae. =20 °C to 68:7C 
TLIS2ZC, TLTGSC) TLissC, TCOtC ticle e- O°Cto: 76°C 
Siorace Tenia ate fame ye ee ie es a DA eS Shes oa ae =65°C:to 750°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds.....................4. 260°C 
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electrical characteristics, Vcc = 15V, VEE = —15V,VLL =5V. Vref = OV 


PARAMETER TEST CONDITIONS 
High-level control 
input voltage 
Low-level control 
ViL 
input voltage 


Ta = MIN TO MAX 


= MAX 


> 


High-level control 
NH 

input Current 

Low-level control 

input current 


pA 


IS(off) Off-state source current z Bax +00 A 
A= ens 8 Se 
+ 
Pion) 7S" teakage curren =200 


Drain-to-source 


Vin = 2V, Vi_ = 0.8 V] TL185, in = ah to 25°C 
TL191 = MAX 


Ta = 25°C 


r 
DS(on) on-state resistance 


= 
N 
o1 
= 
o 
°o 


300 


Both control inputs at O V 


Both control inputs at 5 V 


switching characteristics, VCC = 10 V, VEE = —20 V, VLL = 5 V, Vref =O V, Ta = 25°C 


PARAMETER TEST CONDITIONS 


Data Sheets By 


LGLTL ‘S8L1L ‘S8LIL ‘ZBL TL 


SAHILIMS SOWIE 


TL182, TL185, TL188, TL191 
BI-MOS SWITCHES 


PARAMETER MEASUREMENT INFORMATION 


VEL FOV Vec =15V 


OUTPUT 


TEST CIRCUIT 


? = Vret = 0 Vee =-—15V 
C\_ includes probe and jig capacitance 
O Vs = 3 V for ton and —3 V for toff 
pe) 
na Ry 
pe) Vo=Vs ——-——- 
RL + DS(on) 
— 
> 
@ 
om 
w~> 
4) 


ty < 10 ns 


erm oa 3 


OUTPUT 


NOTE: A. The solid waveform applies for TL185 and SW1 of TL185 and TL191; the dashed waveform applies for TL182 and SW2 of 
TL185 and TL191. 


B. Vg is the steady-state output with the switch on. Feed through via the gate capacitance may result in spikes (not shown) at 
the leading and trailing edges of the output waveform. 


FIGURE 1. VOLTAGE WAVEFORMS 
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TL5001, TL500C, TL5011, TL501C, TL502C, TL503C 
ANALOG-TO-DIGITAL-CONVERTER BUILDING BLOCKS 


D2477 DECEMBER 1979—REVISED JANUARY 1989 


TL500!1, TL500C, TL501I, TL501C 
ANALOG PROCESSORS 


@ True Differential Inputs 
® Automatic Zero 
@ Automatic Polarity 
@ High Input Impedance... 109 Ohms 
Typically 
TL5001, TLSO00C CAPABILITIES TL5011, TL501C CAPABILITIES 
Resolution . . .14 Bits (with TL502C) @ Resolution. .. 10-13 Bits (with TL502C) 
Linearity Error. . . 0.001% @ Linearity Error. ..0.01% 2 
® 
4 1/2-Digit Readout Accuracy with External @ 3 1/2-Digit Readout Accuracy ® 
Precision Reference one 
TL502C CAPABILITIES Y 
TL502C/TL503C A 
DIGITAL PROCESSORS @® Compatible with Popular Seven-Segment 40] 
Common-Anode Displays Q 
F Displ 
Beh Na eY PeAn Hate @® High-Sink-Current Segment Driver for Large 
@ internal Oscillator May Be Driven or Displays 
Free-Running 
© Interdigit Blanking TL503C CAPABILITIES 
@® Over-Range Blanking @® Multiplexed BCD Outputs 
@® 4 1/2-Digit Display Circuitry @ High-Sink-Current BCD Outputs 
@ High-Sink-Current Digit Driver for Large 
Displays 
y Caution. These devices have limited built-in gate protection. The leads should be shorted together or the 
& device placed in conductive foam during storage or handling to prevent electrostatic damage to the MOS 
Ata* gates. 
description 
The TL5001I, TL500C, TL5011, and TL501C analog processors and TL502C and TL503C digital processors 
provide the basic functions for a dual-slope-integrating analog-to-digital converter. 
The TL500 and TL501 contain the necessary analog switches and decoding circuits, reference voltage 
generator, buffer, integrator, and comparator. These devices may be controlled by the TL502C, TL503C, 
by discrete logic, or by a software routine in a microprocessor. 
The TL502C and TL503C each includes oscillator, counter, control logic, and digit enable circuits. The 
TL502C provides multiplexed outputs for seven-segment displays, while the TL503C has multiplexed BCD 
outputs. 
When used in complementary fashion, these devices form a system that features automatic zero-offset 
compensation, true differential inputs, high input impedance, and capability for 4 1/2-digit accuracy. 
Applications include the conversion of analog data from high-impedance sensors of pressure, temperature, 
light, moisture, and position. Analog-to-digital-logic conversion provides display and control signals for 
weight scales, industrial controllers, thermometers, light-level indicators, and many other applications. 
PRODUCTION DATA documents contain information 5 Copyright © 1979, Texas Instruments Incorporated 
caren sof publication date, Prodct conform Texas WW 
Specifications pe 
dard . Producti ing d - 
ee ek ora INSTRUMENTS nee 
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TL5001, TL500C, TL5011, TL501C, TL502C, TL503C 
ANALOG-TO-DIGITAL-CONVERTER BUILDING BLOCKS 


SARS OES ATE ATA RE DY DOD BELLIS) BALD IS LID SAE LLL E LEE HELE LEBY ENE PEE EE ECE LSE EEL IG E A TENE BELA LT LEE LES ELE LE LEE CLLEGE, BE LOLI EIB IE GEER ST LIV LEADED SLES EDEL: 
principles of operation 


The basic principle of dual-slope-integrating converters is relatively simple. A capacitor, Cx, is charged 
through the integrator from VcT for a fixed period of time at a rate determined by the value of the unknown 
voltage input. Then the capacitor is discharged at a fixed rate (determined by the reference voltage) back 
to VcT where the discharge time is measured precisely. The relationship of the charge and discharge values 
are shown below (see Figure 1). 


Vit 
V =o V - Charge (1) 
CX CT Rx CX g 
2 Vref t2 
Vet = Vcex- ——— Discharge (2) 
Rx CX 
2) Combining equations 1 and 2 results in: 
A 
a V| t2 
wh Vref t7 (3) 
S where 
ns VcT = Comparator (offset) threshold voltage 
Vcx = Voltage change across Cx during t} and during t2 (equal in magnitude) 
V| = Average value of input voltage during t4 
t1 = Time period over which unknown voltage is integrated 
t2 = Unknown time period over which a known reference voltage is integrated. 


Equation (3) illustrates the major advantages of a dual-slope converter: 
a. Accuracy is not dependent on absolute values of t} and t2, but is dependent on their ratios. Long- 
term clock frequency variations will not affect the accuracy. 
b. Offset values, VCT, are not important. 


The BCD counter in the digital processor (see Figure 2) and the control logic divide each measurement 
cycle into three phases. The BCD counter changes at a rate equal to one-half the oscillator frequency. 


auto-zero phase 


The cycle begins at the end of the integrate-reference phase when the digital processor applies low levels 
to inputs A and B of the analog processor. If the trigger input is at a high level, a free-running condition 
exists and continuous conversions are made. However, if the trigger input is low, the digital processor 
stops the counter at 20,000, entering a hold mode. In this mode, the processor samples the trigger input 
every 4000 oscillator pulses until a high level is detected. When this occurs, the counter is started again 
and is carried to completion at 30,000. The reference voltage is stored on reference capacitor Cref, 
comparator offset voltage is stored on integration capacitor Cx, and the sum of the buffer and integrator 
offset voltages is stored on zero capacitor Cz. During the auto-zero phase, the comparator output is 
characterized by an oscillation (limit cycle) of indeterminate waveform and frequency that is filtered and 
d-c shifted by the level shifter. . 


integrate-input phase 


The auto-zero phase is completed at a BCD count of 30,000, and high levels are applied to both control 
inputs to initiate the integrate-input phase. The integrator charges Cx for a fixed time of 10,000 BCD counts 
at a rate determined by the input voltage. Note that during this phase, the analog inputs see only the high 
impedance of the noninverting operational amplifier input. Therefore, the integrator responds only to the 
difference between the analog input terminals, thus providing true differential inputs. 


ti 
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TL5001, TL500C, TL5011, TL501C, TL502C, TL503C 
ANALOG-TO-DIGITAL-CONVERTER BUILDING BLOCK 


LAL EEL LAT I I PL HE EPL ELIE II: ET EDF RE ET EL TI PLE L IS Se EI IE LS OY EEN EE IPGL LES A EEE TOT LET I IE TTS EIS ATO SE IEP L IY TE ED FEE NE PT ST AE TE OT EE, 
integrate-reference phase 


At a BCD count of 39,999 + 1 = 40,000 or O, the integrate-input phase is terminated and the integrate- 
reference phase is begun by sampling the comparator output. If the comparator output is low corresponding 
to a negative average analog input voltage, the digital processor applies a low and a high to inputs A and 
B, respectively, to apply the reference voltage stored on Cref to the buffer. If the comparator output is 
high corresponding to a positive input, inputs A and B are made high and low, respectively, and the negative 
of the stored reference voltage is applied to the buffer. In either case, the processor automatically selects 
the proper logic state to cause the integrator to ramp back toward zero at a rate proportional to the reference 
voltage. The time required to return to zero is measured by the counter in the digital processor. The phase 
is terminated when the integrator output crosses zero and the counter contents are transferred to the 
register, or when the BCD counter reaches 20,000 and the over-range indication is activated. When 
activated, the over-range indication blanks all but the most significant digit and sign. 


2 


Seventeen parallel bits (4-1/2 digits) of information are strobed into the buffer register at the end of the 


integration phase. Information for each digit is multiplexed out to the BCD outputs (TL503C) orthe seven- = 
segment drivers (TL502C) at a rate equal to the oscillator frequency divided by 200. = 
a 
BCD COUNTER VALUES dp) 
20,000 30,000 1) 20,000 30,000 0 20,000 se} 
vay) 
1 | | | 
| AUTO ZERO | INTEGRATE! INTEGRATE : | AUTO ZERO | INTEGRATE | INTEGRATE | | © 
: | INPUT \ REFERENCE | | | | INPUT | REFERENCE . | 
| | F fi | 
| | HOLD | | | 
| | | | | | | 
| | pee | | | 
| | Rac, | | | | : 
INTEGRATOR | 4 | | Vinin 1) > Mini 
PS | eae pin 1) (pin 2) a Be at ls 
ps vee l ' | | (POSITIVE ANALOG VOLTAGE) 7 ¥ 
| | Vipin 1) < V(pin 2) | | | | 
| | (NEGATIVE ANALOG VOLTAGE) | | | — — — — Vipin 2) 
| | , | | , | 
| | 
| | | | | 
| . | | | | 
| | | | | , | 
| 
| | | | | | | 
COMPARATOR | | l | in | | | 
| | | 
| | | 
3 | | | | ——-— 0 “ 
l | | 
| | | : | | | | | 
| 
| bo | 
CONTROL A Bees | Bits te au 
| | | | | | 
| | | | | | | } 
| | | | | | 
CONTROL B 7 i ee Sees : a 
| | | | | 
. | | rae | | | | 
TRIGGER PKK KK KK SCWOKSCKK RK] eee ee eee Ses | 
< LX DON'T CARE Se, Cm, | erate (< DON'T CARE Me 5 Y | : 
XXRKRKAKAAKKKKAM $WLALAL SLA NANA LAL NLS Sa lige 
*This step is the voltage at pin 2 with respect to analog ground. 
FIGURE 1. VOLTAGE WAVEFORMS AND TIMING DIAGRAM 
U 
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ANALOG PROCESSOR DIGITAL PROCESSOR 
TL500 OR TL501 TL502C OR TL503C (See Note A) 
{~ : Vcc+ 


es 


Rx cx DIVIDE i 
OSCILLATOR BCD 
BUFFER INTEGRATOR INPUT 97 OSCILLATOR P COUNTER TRIGGER 
OUTPUT OUTPUT 2 & inpkig 


TR aD & ooere e omer fo) ee Sa oe Seen | | (See Note B) 
j | 
! 
$1 
BUFFER 
snaiee—b-o a 


COMPARATOR COMPARATOR 
Pee OUTPUT INPUT 
oe a 
O) 


INTEGRATOR 


| 
% 
| 
$2 | | | 
ANALOG A oy A oe | SIGN | 
INPUT 2 ’ ' ad i oe | 
LEVEL 
e SHIFTER : | agape) a b | MULTIPLEXER | 
Cz CONTROLA y l 
1 INPUT | OUTPUT 4 | 
$5 S6 
Cref + 0 


O & 
ANALOG SWITCH 
LOGIC CONTROL CONTROL B 

Ay INPUT (OUTPUT, 


Cref ® e 
Cref - | I | | 
| | 
REF INPUT | je ToS : 
a Se gay | | DIGIT-ENABLE ! SE REa A wa 
REF OUTPUT REFERENCE ! eee L———— whe gaat (TL502C ONLY) 
© VOLTAGE | AND DRIVERS 
5 
| | i | 
ANALOG DIGITAL DIGIT-ENABLE COMMON 
GROUND COMMON OUTPUTS 
(D1 THRU D5) 


NOTES: A. Pin 18 of the TL502C provides an output of fogc¢ (oscillator frequency) + 20,000. 
B. The trigger input assumes a high level if not externally connected. 


FIGURE 2. BLOCK DIAGRAM OF BASIC ANALOG-TO-DIGITAL CONVERTER USING TL500 OR TL501 AND TL502C OR TL503C 


EM GET CONTROLS ANALOG SWITCHES 
A AND B CLOSED 
A 
vie Be al ay OE 
RA GRY AS 
7 


H 
L 
Integrate x i? $3; 56,57 
Reference $3, $5, $8 
H = High, L = low, X = Irrelevant 


TIf the trigger input is low at the beginning of the auto-zero cycle, the system will enter the hold mode. A high level (or open circuit) will signal the digital processor 
to continue or resume normal operation. 
+ This is the state of the comparator output as determined by the polarity of the analog input during the integrate input phase. 
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TL500!, TL500€, TL5011, TL501C 
ANALOG PROCESSORS 


description of analog processors J PACKAGE 
(TOP VIEW) 
The TL500 and TL501 analog processors are 


designed to automatically compensate for ANALOG INPUT 1 LJ! C 

internal zero offsets, integrate a differential ANALOG INPUT 2LJ2 171) : 

voltage at the analog inputs, integrate a voltage REF OUTPUT LJ3—s 161 J Vcc + 

at the reference input in the opposite direction, REF INPUT L]4 —= 15] ] BUFFER OUTPUT 

and provide an indication of zero-voltage ANALOG GND L]5 14] J INTEGRATOR INPUT 
crossing. The external control mechanism may Cref+ LJ6 13, ] INTEGRATOR OUTPUT 
be a microcomputer and software routing, Cret— Lj? 123 Ve. 


11]. ] DIGITAL COMMON 
10] } COMPARATOR OUTPUT 


discrete logic, or a TL502C or TL503C controller. CONTROL B INPUT | ]8 
The TL500 and TL501 are designed primarily for CONTROL A INPUT | ]}9 
simple, cost-effective, dual-slope analog-to- 


digital converters. Both devices feature true DW PACKAGE 

differential analog inputs, high input impedance, (TOP VIEW) 2 
and an internal reference-voltage source. The ANALOG INPUT 1[]1 U2ofjez ® 
TL500 provides 4-1/2-digit readout accuracy ANALOG INPUT 2[]2 _19[ ]Cz = 
when used with a precision external reference REF OUTPUT [13 181] Voc + Tp 
voltage. The TL501 provides 100-ppm linearity REF INPUT[ ]4 171 |] BUFFER OUTPUT os 
error and 3-1/2-digit accuracy capability. These ANALOG GND[]5 161 ] INTEGRATOR INPUT ae 
devices are manufactured using Tl’s advanced Clots 16 151 ] INTEGRATOR OUTPUT O 
technology to produce JFET, MOSFET, and Cite 47 141] Vcc - 


bipolar devices on the same chip. The TL500C ncI 1s i3f NC 
and TL501C are characterized for operation over CONTROL B INPUT[]9 12F] DIGITAL COMMON 


the temperature range of O°C to 70°C. The = ConTROL A INPUT[]10 111] COMPARATOR OUTPUT 
TL500I and TL501! are characterized for 


operation from —40°C to 85°C. NC—No internal connection 
LINEARITY eat ot EMRE SL) 


i z 
A ERROR CERAMIC DIP | WIDE-BODY SO 
(J) (DW) 


0.005% F TLS500CJ TL DW 
0°C to 70°C : . — 
0.05% FS TL501CJ TL501CDW 
0.005% FS TLSOOIJ TL500IDW 
sons este (eee 
pie a a. 0.05% FS TL5011J TL501IDW 


AVAILABLE OPTIONS 
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TL5001, TL500C, TL5011, TL501C 
ANALOG PROCESSORS 


schematics of inputs and outputs 


CONTROL A AND CONTROL B INPUTS COMPARATOR OUTPUT 


OUTPUT 


? DIGITAL 
COMMON 
O 
® 
yy 
Kn absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 
> Poste: SunON NOmoOG,- wit. (SOG MOTO" TD)... sok ik ae Bee Fd tise. ciion Se eee Oe ee +18 V 
= PROM Eris UII WAN EN, Stes ee ek 4 wage a's bo ooo ee te ee eR ec ee ee ee re —-18 V 
n i Ore Par oes Seater Sos ey hile: «Kg Saas aiebiaa os Unhoew's ee BTUs Meee ie Lees +Vcc 
Comparator eutput voltage range: (see Note.2).. 24 s.26 . el Sinn Seas Rw a meee OV to Vcc + 
Comparator outros Sink: cunent (see Note 2) 2. 25 etek wv 3s co wees ee aie eee ee ead 20 mA 
Buffer, reference, or integrator output source current (see Note 2) .................... 10 mA 
RE aE AI SEND Ah i oF SSL. goes nator e, oa toccnpedt mem awh” as is gay er See Dissipation Rating Table 
Operating free-air temperature range: TL500I, TL501!l........................ —40 to 85°C 
We ne ARON, eck 6 4.56 so ede AP ia OFC to. 70°C 
SrOrmne THMminerarisre tamOOs.. 5. oct aha 5 ew es ae aes! Se Ps ee ot eee =—65°C: 460. 750°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: DW package........... 260°C 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: J package ............ eo fl 


NOTES: 1. Voltage values, except differential voltages, are with respect to the analog ground common pin tied together. 
2. Buffer, integrator, and comparator outputs are not short-circuit protected. 


DISSIPATION RATING TABLE 


Ta < 25°C DERATING FACTOR Ta = 70°C Ta = 85°C 


PACKAGE 
POWER RATING ABOVE Tag = 25°C POWER RATING POWER RATING 


DW 1125 mW 9 mW/°C 720 mW 585 mW 
J 1025 mW 8.2 mW/°C 656 mW 533 mW 
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TL5001, TL500C, TL5011, TL501C 
ANALOG PROCESSORS 


recommended operating conditions 


| MIN NOM MAX | UNIT 
ae ee Be 
-9 -12 -15 


i 
[Low-level input voltage, Vu_——=SCS™S*~S~S~Cotrohinpts ——SSSCSC~“~“~*‘iSSC‘“‘CSC™C#*‘#OSY 
Peak positive integrator output voltage, Von + 


Peak negative integrator output voltage, Von — 


Full scale input voltage 
Autozero and reference capacitors, Cz and Cref 


Integrator resistor, Rx 15 100 


See 
Integrator time constant, RxCx ety 
ote 
; TL500I, TL5011 -40 85 
Free-air operating temperature, Ta 
TL500C, TL501C 


Maximum conversion rate with TL502C or TL503C 3 12.5 


system electrical characteristics at VCC + = +12 V, Vref = 1,000 + 0.03 mV, Ta = 25°C 
(unless otherwise noted) (see Figure 3) 


PARAMETER TEST CONDITIONS 


Mee a ee eae | 30 
0.085 %6FS 


= 
= 
ie?) 
© 
ie) 
+ 
2 
i?) 
® 
ao) 
® 
Q, 
= 
° 
x< 
oO 
N 


io) 


° 


conv/sec 


[Supply voltage rejection ratio —SC*dSS 


tRollover error is the voltage difference between the conversion results of the full-scale positive 2 V and the full-scale negative 2 V. 
NOTE 3. The minimum integrator time constant may be found by use of the following formula: 


Vip (full scale) t 
Minimim Ax Og See 


I\Vom—| —Vi(pin 2) 
where 
Vip = voltage at pin with respect to pin 2 
V\(pin 2) = voltage at pin 2 with respect to analog ground 
t1 = input integration time seconds 
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TL5001, TL500C, TL5011, TL501C 
ANALOG PROCESSORS 


electrical characteristics at VCC + = +12 V, Vref = 1V,. TA = 25°C (see Figure 3) 


integrator and buffer operational amplifiers 


PARAMETER TEST CONDITIONS MIN TYP MAX UNIT 


VOM + Positive output voltage swing 
VOM — Negative output voltage swing 5 


Se aa | 
Pat cnn fie ee ee ae 
ie 


3 
CMRR Common mode rejection Vie St Vt6-+ EV 


2 ee ee i ee 
Oo comparator 
pe) PARAMETER TEST CONDITIONS MIN TYP MAX UNIT 
pe 
= [Avo Voltage amplification Pe eee ee 
@ VOL Low-level output voltage lol = 1.6 mA 200 400 
o 1OH High-level output current VOH = 3 V 
” 
voltage reference output 
PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT 
Vratio) Reference voltage Eat sipdeas Vere a MRA RD 
y Reference-voltage r full 100 
a = full range m 
ret temperature coefficient A 2 Pg 
Reference output resistance 
logic control section 
PARAMETER TEST CONDITIONS MIN TYP MAX UNIT 
Ne Low-level input current 
total device 
PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT 
20 
Texas WW 
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TL5001, TL500C, TL5011, TL501C 
ANALOG PROCESSORS 


PARAMETER MEASUREMENT INFORMATION 


12V —12V 5V 


Vcc+ Vec-— 


100k2 = (1) 


COMPARATOR 
PRECISION ANALOG OUTPUT MPU 
VOLTAGE INPUTS LOGIC 
SOURCE 4 CONTROL A CONTROLLER 
Vref = (see Note C) 


1,000 +0.03 mV 


REF CONTROL B 


2 


Cref = 1 uF BUFFER 
(see Note D) OUTPUT tz = 100 ms n 
Rx = 27k2 from ~~ 
Cz gees ee ViD (full scale)t1 ~ 
Ea vegaes eee XX" Vom-ViPIN2) 
tsee Note D) = INTEGRATOR a rT) 
OUTPUT nae eae: 
ANALOG DIGITAL & 
GND COMMON 4°) 
OQ 
DIGITAL COMMON 
NOTES: C. Tests are started approximately 5 seconds after power-on. 
D. Capacitors used are TRW’s X363UW polypropylene or equivalent for Cx, Cre¢, and Cz; however for Cre¢ and Cz film-dielectric 
capacitors may be substituted. 
FIGURE 3. TEST CIRCUIT CONFIGURATION 
external-component selection guide 
The autozero capacitor C7 and reference capacitor Cref should be within the recommended range of 
operating conditions and should have low-leakage characteristics. Most film-dielectric capacitors and some 
tantalum capacitors provide acceptable results. Ceramic and aluminum capacitors are not recommended 
because of their relatively high-leakage characteristics. 
The integrator capacitor Cx should also be within the recommended range and must have good voltage 
linearity and low dielectric absorption. A polypropylene-dielectric capacitor similar to TRW’s X363UW is 
recommended for 4-1/2-digit accuracy. For 3-1/2-digit applications, polyester, polycarbonate, and other 
film dielectrics are usually suitable. Ceramic and electrolytic capacitors are not recommended. 
Stray coupling from the comparator output to any analog pin (in order of importance 17, 18, 14, 7, 6, 
13, 1, 2, 15) must be minimized to avoid oscillations. In addition, all power supply pins should be bypassed 
at the package, for example, by a 0.01-uF ceramic capacitor. 
Analog and digital common are internally isolated and may be at different potentials. Digital common can 
be within 4 V of positive or negative supply with the logic decode still functioning properly. 
The time constant RxC x should be kept as near the minimum value as possible and is given by the formula: 
er V full scale) t 
Minimum RxCx = pod [2 
I\Vom—| —Vi(pin2) 
where: 
Vip(full scale) = Voltage on pin 1 with respect to pin 2 
t1 = Input integration time in seconds 
Vi(pin2) = Voltage on pin 2 with respect to analog ground. 
TEXAS 4 
2-101 


INSTRUMENTS 


POST OFFICE BOX 655012 * DALLAS, TEXAS 75265 


(TOP VIEW) 
The TL502C and TL503C are control logic 
devices designed to complement the TL500 and CONTROL B OUTPUT LE]? \/20L] Vec 
TL501 analog processors. They feature interdigit DRE apie ea OMT ET 
blanking, over-range blanking, an_ internal end D2 Us bse atargent 
A : : : ENABLE D3[]4 17] |} OSCILLATOR INPUT 
oscillator, and a fast display scan rate. The OUTPUTS oa[s ief ] TRIGGER 
internal-oscillator input is a Schmitt trigger circuit D5 (MSsB)t (le 151] COMPARATOR INPUT 
that can be driven by an external clock pulse or 7-SEGMENT (A[]? 1af]G 
provide its own time base with the addition of DRIVER Btls 7-SEGMENT 
a Capacitor. The typical oscillator frequency is OUTPUTS Clo DRIVER 
2? 120 kHz with a 470-pF capacitor connected DIGITAL COMMON [}10—s.11. JD ve [lat 
between the oscillator input and ground. 
s) The TL502C provides seven-segment-display TL503C .. . N PACKAGE 
Q) output drivers capable of sinking 100 mA and (TOP VIEW) 
ay compatible with popular common-anode CONTROL B OUTPUT [Ti vel] Vec 
‘ displays. The TL503C has four BCD output D1 (LSB) C2 1st] CONTROL A OUTPUT 
= drivers capable of 100-mA sink currents. The DIGIT o2(13 14 ]osciLLATOR INPUT 
4 code (see next page and Figure 4) for each digit ENABLE D3[]4 13] TRIGGER 
@ is multiplexed to the output drivers in phase with OUTPUTS D4(]5 121. }COMPARATOR INPUT 
” a pulse on the appropriate digit-enable line at a D5 (MSB)t [Je 11} Q3 
digit rate equal to fosc, divided by 200. Each Qolj7 101)Q9 
digit-enable output is capable of sinking 20-mA. DIGITAL COMMON []8 91}Q1 
The comparator input of each device, in addition TPin 18 of TL502C provides an output of fosc (oscillator 
to monitoring the output of the zero-crossing frequency) ~ 20,000. 
detector in the analog processor, may be used *D5, the most significant bit, is also the sign bit. 
in the display test mode to check for wiring and 
display faults. A high logic level (2 to 6.5 V) at 
the trigger input with the comparator input at or 
below 6.5 V starts the integrate-input phase. 
Voltage levels equal to or greater than 7.9 V on 
both the trigger and comparator inputs clear the 
system and set the BCD counter to 20,000. 
When normal operation resumes, the conversion 
cycle is restarted at the auto zero phase. 
These devices are manufactured using I2L and 
bipolar techniques. The TL502C and TL503C are 
characterized for operation from O°C to 70°C. 
TABLE OF SPECIAL FUNCTIONS 
Vcc = 5V +10% 
INPUT INPUT 
2 VeVi56.5V 
Both inputs to go Vj=7.9 V System clear: Sets BCD counter to 20,000. 
TEXAS 4 
2-102 


TL502C, TL503C 
DIGITAL PROCESSORS 


description of digital processors 


TL502C .. . N PACKAGE 


INSTRUMENTS 


POST OFFICE BOX 655012 * DALLAS, TEXAS 75265 


TL502C, TL503C 
DIGITAL PROCESSORS 


DIGIT 5 (MOST SIGNIFICANT DIGIT) CHARACTER CODES 


TL502C SEVEN-SEGMENT LINES TL503C BCD OUTPUT LINES 
CHARACTER 
A B Cc D E F 
+ 


Q3 Q2 Q1 Qo 


) 


DIGITS 1 THRU 4 NUMERIC CODE (See Figure 4) 


TL502C SEVEN-SEGMENT LINES TL503C BCD OUTPUT LINES 2 
NUMBER Q3 Q2 Q1 Qo 
A B . D E e G 
8 4 2 1 é 
) L L L L i L H L L L e ~ 
1 H L L H H H H L L L H a 
2 L L H L L H L: E L H L cx 
2 L L L L H H L L t H H dp) 
4 Be L L Ms - L L L = L L x 
5 L H L L 4 L L L H L H s 
6 L H L L L L L L 4 L QO 
7 L L if - . - 4 L 4 H 
L L L L L L L H L L L 
L L L L Hi L 3 L 2 H 
H = high level, L = low level 
schematics of inputs and outputs 
COMPARATOR AND TRIGGER INPUT SEGMENT DRIVERS—TL502C 
BCD DRIVERS—TL503C 
=——~YeC 
DISPLAY 
-- TESTOR 
SYSTEM 
CLEAR OUTPUT 
COMMON 
CONTROL A AND B OUTPUTS DIGIT-ENABLE OUTPUTS 
Neer = 
1k23 
oe OUTPUT 
———— 
OUTPUT 
COMMON--~ — — 
*Shorted on TL503C 
TE ai 
XAS 2-103 


INSTRUMENTS 


POST OFFICE BOX 655012 * DALLAS, TEXAS 75265 


s}990USs &1egq By 


TL502C, TL503C 
DIGITAL PROCESSORS 


absolute maximum ratings 


Supply voltage, Vcc (see Note 4) 
Input voltage, V; ; V 
Comparator or Trigger | FC 
BCD or Segment drivers 
mA 


Digitenable outputs 
Pin 18 (TL502C only 
Total power dissipation at (or below) 30°C free-air temperature (see Note 5) 1100 


Output current 


Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds 


NOTES: 4. Voltage values are with respect to the network ground terminal. 
5. For operation above 30°C free-air temperature, derate linearly to 736 mW at 70°C at the rate of 9.2 mW/°C. 


recommended operating conditions 


ao te eee ee 
Low-level input voltage, Vy, | Comparator and trigger inputs ——=SC~iCSCi‘“‘C;*;*ét CdS C* 
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SINAWNUYLSN 


dy SVX4] 


SOL-c 


electrical characteristics at 25°C free-air temperature 


PARAMETER 


Vik Input clamp voltage 
Positive-going input 
VT+ 
threshold voltage 
Negative-going input 
Vr 
threshold voltage 


VrT+ —-VT-—_ Hysteresis 


Input current at 
positive-going input 
threshold voltage 
Input current at 
negative-going input 
threshold voltage 


High-level output voltage 


Low-level output voltage 


ly Input current 
WH High-level input current 
Ne Low-level input voltage 


High-level output current 
(Output transistor off) 


Low-level output current 
(Output transistor on) 


TERMINAL 


All inputs 


Oscillator 
Oscillator 


Oscillator 


Oscillator 
Oscillator 


Digit enable 


Digit enable 


ec Supply curren 


Vcc = 4.5 V 


lol = 20 mA 
lol = 10 mA 


lIOL = 


OL 


Dat 


a Sheets 


1 


Oo 


~ 
oO 


o 
N 


— 
oO 
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TL502C€, TL503C 
DIGITAL PROCESSORS 


special functionst operating characteristics at 25°C free-air temperature 


PARAMETER TEST CONDITIONS 


Input Current into Vee =5.5.% V; = 8.55 V 


comparator or trigger inputs Vcc = 5.5 V, V; = 6.25 V 


tThe comparator and trigger inputs may be used in the normal mode or to perform special functions. See the Table of Special Functions. 


TYPICAL APPLICATION DATA 
D1 


heag— 16.7 us (see Note E) 
316.7 ks | 


NO 


sjaayus e1eg 


NOTE E: The BCD or seven-segment driver outputs are present for a particular digit slightly before the falling edge of that digit enable. 


FIGURE 4. TL502C, TL503C DIGIT TIMING WITH 120-kHz CLOCK SIGNAL AT OSCILLATOR INPUT 
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TL505C 
ANALOG-TO-DIGITAL CONVERTER 


D2366, OCTOBER 1977—REVISED FEBRUARY 1989 


Single-Supply Operation GND [1s 101] INTEG OUT 


High-Impedance MOS Input BIN Ljé 9] GND 
A IN (]7 8{_] COMP OUT 


® 3-Digit Accuracy (0.1%) N PACKAGE 

P 5 (TOP VIEW) 
@ 10-Bit Resolution 

; Vec G1 U 140] zero cap 2 

@® Automatic Zero ANALOG IN [12 13F] ZERO CAP 1 
®@ Internal Reference Voltage REF OUTL}3 ~—- 121] INTEG RES 
; REF IN [ J4 111] INTEG IN 
Co) 
s 


Designed for Use with TMS1000 Type 
Microprocessors for Cost-Effective 
High-Volume Applications 


® BI-MOS Technology 


72) 

@® Only 40 mW Typical Power Consumption D 

® 

a = 
& Caution. This device has limited built-in gate protection. The leads should be shorted together or the device ” 
AitoS placed in conductive foam during storage or handling to prevent electrostatic damage to the MOS gates. & 
. . oS 
description Q 


The TL505C is an analog-to-digital converter building block designed for use with TMS1000 type 
microprocessors. It contains the analog elements (operational amplifier, comparator, voltage reference, 
analog switches, and switch drivers) necessary for a unipolar automatic-zeroing dual-slope converter. The 
logic for the dual-slope conversion can be performed by the associated MPU as a software routine or can 
be implemented with other components, such as the TL502 logic-control device. 


The high-impedance MOS inputs permit the use of less expensive, lower value capacitors for the integration 
and offset capacitors and permit conversion speeds from 20 per second to 0.05 per second. 


The TL505C is a product of Tl’s BI-MOS process, which incorporates bipolar and MOSFET transistors on 
the same monolithic circuit. The TL505C is characterized for operation from O°C to 70°C. 


PRODUCTION DATA documents contain information Copyright © 1983, Texas Instruments Incorporated 


current as of publication date. Products conform to j 

shal erate per oi < of Texas eppre ete TEXAS , 
standard warranty. Production processing does not : 2 
necessarily include testing of all parameters. INSTRUMENTS Meas 
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TL505C 
ANALOG-TO-DIGITAL CONVERTER 


functional block diagram 


LOGIC DECODE 
AND 
SWITCH DRIVERS 


VOLTAGE 
REFERENCE 


FULL-SCALE (5) (9) 
ADJUST = GND GND 


NOTE: Analog and digital GND are internally connected together. 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply. voltage, Virr teee: Wote. 45,540 oa ee. Sie ae ees Se eae iene ne 18 V 
fi are hage yeti eess! Wel oleh Beate: 6 Gat) Ve Se oem mS URNS rere oer Ot Conan ESR Mende ymuNS OR pty ARE panes Sia Vec 
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 2)....... 1150 mW 
Operating: teee-air temiperacire: Tange tes oa Gece ec ode sooo a we ie sp pce Sian Sie O°C to: /0°C 
Storage temperature sande: — siesta . eesebe wt Bh oe ee = BSC 10°160°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds...................... 260°C 


NOTES: 1. Voltage values are with respect to the two ground terminals connected together. 
2. For operation above 25°C free-air temperature, derate linearly to 736 mW at 70°C at the rate of 9.2 mW/°C. 


recommended operating conditions 


1 


pegiifanihce 77 ek oe ee 


7 9 5 
Reference input voltage, Vref(! 
6 Vect+1 
2 8 
5 2 
5 
0 


0. 
3 

ee *’ i 
0. 
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TL505C 
ANALOG-TO-DIGITAL CONVERTER 


electrical characteristics, VCC = 9 V, Vref(l) = 1V, TA = 25°C, connected as shown in Figure 1 
(unless otherwise noted) 


Temperature coefficient of 


Q 
viet reference output voltage 


I Current into analog input 
lip Total integrator input bias current 


system electrical characteristics, VCC = 9 V, Vref(l) = 1V. TA = 25°C, connected as shown in 


Figure 1 (unless otherwise noted) 
0. 
0. 


PARAMETER TEST CONDITIONS TYP xX 
= ; 1 
V — oe 
+ 10 


(= Viet = 1 o3ae 1.000 1002 


Temperature coefficient of Vref(}) constant and = 1 V, 
. ppm/°C 
ratiometric reading TAK = -O°C to'70"°C 


DEFINITION OF TERMS 


Zero Error 


The intercept (b) of the anolog-to-digital converter system transfer function y = mx + b, where y is the 
digital output, x is the analog input, and m is the slope of the transfer function, which is approximated 
by the ratiometric reading. 

Linearity Error 


The maximum magnitude of the deviation from a straight line between the end points of the transfer function. 


Ratiometric Reading 


The ratio of negative integration time (t2) to positive time (t14). 


” 
~ 
® 
® 
eas 
op) 
© 
~ 
4°) 
OQ 
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TL505C 
ANALOG-TO-DIGITAL CONVERTER 


PRINCIPLES OF OPERATION 


A block diagram of an MPU system using the TL505C is shown in Figure 1. The TL505C operates in a 
modified positive-integration, three-step, dual-slope conversion mode. The A/D converter waveforms during 
the conversion process are illustrated in Figure 2. 


Vcc 


| 
| 
| 
2 i (8) 
© 
| 
! 
O : MPU 
pe) CONTROLLER 
oot | 
pe) aa 10k2 
(7) 
LOGic DEcobE [44 
= ANALOG Ss ee AND |g ig) 10K 
ao INPUT (2)' SWITCH DRIVERS 
O (3) ! 
” i 


See ponee 
T(5) 29) 


FIGURE 1. FUNCTIONAL BLOCK DIAGRAM OF TL505C INTERFACE WITH A MICROPROCESSOR SYSTEM 


FUNCTION TABLE 


> 


INTEGRATOR 
OUTPUT 


COMPARATOR WANN ymiet_|__fewcamvag 


= V2 ve Vi + es 


FIGURE 2. CONVERSION PROCESS TIMING DIAGRAMS 
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TL505C 
ANALOG-TO-DIGITAL CONVERTER 


PRINCIPLES OF OPERATION (Continued) 


The first step of the conversion process is the auto-zero period tg. By the end of this period, the integrator 
offset is stored in the autozero capacitor, and the offset of the comparator is stored in the integrator 
capacitor. To achieve this end, the MPU takes the A and B inputs low, which closes $1 and S2. The output 
of the comparator is connected to the input of the integrator through the low-pass filter consisting of RZ 
and C7. The closed loop of A1 and A2 seeks a null condition in which the offsets of the integrator and 
comparator are stored in Cz and Cx, respectively. This null condition is characterized by a high-frequency 
oscillation at the output of the comparator. The purpose of S2B is to shorten the amount of time required 
to reach the null condition. 


At the conclusion of to, the MPU takes the A and B inputs both high, which closes S3 and opens all other 
switches. The input signal Vj is applied to the noninverting input of A1 through Cz. Vj is then positively 
integrated by A1. Since the offset of Al is stored in Cz, the change in voltage across Cx is due to only 
the input voltage. Since the input is integrated in a positive integration during t1, the output of A71 will 


2 


where R1 = Rx + RS3B and Rs3p is the resistance of switch S3B. 


be the sum of the input voltage, the integral of the input voltage, and the comparator offset, as shown be 
in Figure 2. The change in voltage across capacitor Cx (Vc x) during t1 is given by o 
vit on 
AV = —— 1 
CX(1) R1Cx (1) YW 
© 
quad 
9°) 
a) 


At the end of t1, the MPU takes the A input low and the B input high, which closes $1 and S4 and opens 
all other switches. In this state, the reference is integrated by A1 in a negative sense until the integrator 
output reaches the comparator threshold. At this point, the comparator output goes high. This change 
in state is sensed by the MPU, which terminates t2 by again taking the A and B inputs both low. During 
t2, the change in voltage across Cx is given by 


Vreft 
reft2 (2) 


AVCX(2) = Rot 


where R2 = Rx + RS4 + Rref and Rref is the equivalent resistance of the reference divider. 


Since AVCx1 = —AVCxX2, equations (1) and (2) can be combined to give 
R719t2 
Vip =V S 
| ref Ro-ty (3) 
This equation is a variation on the ideal dual-slope equation, which is 
t 
Vi = Vret 4 (4) 


ty 


Ideally then, the ratio of R1/R2 would be exactly equal to one. In a typical TL5O05C system where 
Rx = 1 MQ, the scaling error introduced by the difference in R1 and R2 is so small that it can be neglected, 
and equation (3) reduces to (4). 
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ANALOG-TO-DIGITAL CONVERTER 


PRINCIPLES OF OPERATION (Continued) 


component selection 


The autozero capacitor C7 should be within the recommended range of operating conditions and should 
have low leakage characteristics. Most film-dielectric capacitors and some tantalum capacitors provide 
acceptable results. Ceramic and aluminum capacitors are not recommended because of their relatively 
high leakage characteristics. 


The integrator capacitor Cx should also be within the recommended range and must have good voltage 
linearity and low dielectric absorption. For 10-bit applications, polyster, polycarbonate, and other film 
dielectrics are usually suitable. If greater precision or stability is required, a polypropylene-dielectric capacitor 
similar to TRW’s X363UW might be appropriate. 


Stray coupling from the comparator output to any analog pin (in order of importance, 13, 11, 10, 2, 4) 
must be minimized to avoid oscillations. In addition, all power supply pins should be bypassed at the package, 
for example, by a 0.01-yF ceramic capacitor. 


The time constant RxC x should be kept as near the minimum value as possible and is given by the formula: 


zs Vi(max) t1 
Minimum RxCx = ————{max) *1__ 
(Vcc — 2V — Vi(max)) 


sjeeus ejleg Be 


where: 


t1 = Input integration time in seconds, 
Vi(max) = the maximum value of the analog input voltage, 


Vcc -2 V = the maximum voltage swing of the integrator input. 
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TL505C 
ANALOG-TO-DIGITAL CONVERTER 


TYPICAL APPLICATION DATA 


9V 


Cx 


ANALOG 


INPUT K(X) 
SEE NOTE 3 


TMS1000 
SERIES 


Cz TL505C 


2 


SEGMENT 


FULL-SCALE TIL312 LED 
ADJUST = = 


= = DISPLAYS 
NOTE 3: Connect to either 9 V or O V depending on which device in the TMS1000 series is used and how it is programmed. 


FIGURE 3. TL505C IN CONJUNCTION WITH A TMS1000 SERIES MICROPROCESSOR 
FOR A 3-DIGITAL PANEL METER APPLICATION 


Data Sheets 


12V 5V 


Vcc 
Z COMP/LAMP 


56 2 1N914 
J Vee 


ANALOG comp 
INPUT 


FROM OUT A 


IN REF B 


TL505C 


GND 


e f g D1D2 


SEGMENT 
TIL807 


FIGURE 4. AUDIO PEAK POWER METER 
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TL5071, TL507C 
ANALOG-TO-DIGITAL CONVERTER 


Low Cost P PACKAGE 
; : (TOP VIEW) 
7-Bit Resolution 
Monotonicity Over Entire A/D Conversion ENABLE []1 \) 8] RESET 
Range CLK | }2 71] Vec2 
GND []3 6{] Vcc1 
Ratiometric Conversion OUTPUT [Ja ANALOG INPUT 


Conversion Speed. . . Approximately 1 ms 
FUNCTION TABLE 


ANALOG 
ENABLE 
INPUT CONDITION 


X Lt 

V)<200 mV 
Vramp>V|>200 mV 
Vi>Vramp 


Single-Supply Operation . . . Either 
Unregulated 8-V to 18-V (VccC2 Input), or 
Regulated 3.5-V to 6-V (VCC Input) 


I2L Technology 
Power Consumption at 5 V... 25 mW Typ 
Regulated 5.5 V Output (<1 mA) 


D2503, OCTOBER 1979—REVISED OCTOBER 1988 


OUTPUT 


H 
L 
H 
G 


description 


The TL507 is a low-cost single-slope analog-to- 


TLow level on enable also inhibits the reset function. 
H = high level, L = low level, X = irrelevant 


A high level on the reset pin clears the counter to zero, 
which sets the internal ramp to 0.75 Vcc. Internal 


digital converter designed to convert analog 
input voltages between 0.25 Vcc and 0.75 when not connected. 
Vcc1 into a pulse-width-modulated output 
code. The device contains a 7-bit synchronous 


pull-down resistors keep the reset and enable pins low 


Data Sheets #)®& 


counter, a binary weighted resistor ladder network, an operational amplifier, two comparators, a buffer 
amplifier, an internal regulator, and necessary logic circuitry. Integrated-injection logic (I2L) technology 


makes it possible to offer this complex circuit at low cost in a small dual-in-line 8-pin package. 


In continuous operation, conversion speeds of up to 1000 conversions per second are possible. The TL507 
requires external signals for clock, reset, and enable. Versatility and simplicity of operation, coupled with 


low cost, makes this converter especially useful for a wide variety of applications. 


The TL507I is characterized for operation from —40°C to 85°C, and the TL507C is characterized for 


operation from O°C to 70°C. 


functional block diagram (positive logic) 


COMPARATOR 2 


ANALOG (5) 


INPUT 


COMPARATOR 


RESET 
ENABLE 


NNN\ 


(1) REGULATOR 


Vcc2 


Vcc1 


(3) 
GND 
Qindicates an n-p-n open-collector output. 


OUTPUT 


PRODUCTION DATA documents contain information 
current as of publication date. Products conform to 
specifications per the terms of Texas Instruments 
standard gato 


necessarily inclu 


Production processing does not 
testing of all parameters. 
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TL5071, TL507C 
ANALOG-TO-DIGITAL CONVERTER 


schematics of inputs and outputs 


EQUIVALENT OF ENABLE EQUIVALENT OF CLOCK EQUIVALENT OF ANALOG 
AND RESET INPUTS INPUT INPUT 


Vcc 


CONSTANT 
CURRENT 
=10uA 


OUTPUT 


sjaays eleg HS 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


SUBDIY VOIR tee POU OY le So kak Sel ee Oak GL be RON ak Re ge Oe eee eg 6.5..V 
SUPPLY VOHRGO. VIGO? es as eb We 8 els ee ee See as Sees aces 20 V 
STREET VOTER GS-28 Ute ened) TEHLIE ca So GN ye eek, oe ae Tees Gee OTS ae ek Ae i a ee PADS eis 6:5 V 
input: voltage at enaniea, clock, ANG Teset Wnts 6 ee es ee ee a Ae, +270 -V 
Mies gels) ol is hc Co: Ae ae ce ee ee re GAA CGA saan ee eRe huis rire A ie ee cin hag ake er a 6 V 
WESIOte OU tiie VO ate So. Ss eet eis eae fe eee epg Ear eee ae ee eee 20 V 
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 2)....... 1000 mW 
Operating free-air temperature range: TL507I ........... 0. eee -~40°C to 85°C 

Sl ic! S74 aOR et ree Rea Me oY ees KO Se Sh pe 3 ae O to 70°C 
SIGEANS TOMIPOratite FAV aS ao ae ae en a ae eB eg Sad ao - 65°C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds .................6-.4. 260°C 


NOTES: 1. Voltage values are with respect to network ground terminal unless otherwise noted. 
2. For operation above 25°C free-air temperature, derate linearly to 520 mW at 85°C at the rate of 8.0 mW/°C. 
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TL5071, TL507C 
ANALOG-TO-DIGITAL CONVERTER 


recommended operating conditions 


electrical characteristics over recommended operating free-air temperature range, 
Vcc1 = Vcc2 = 5 V (unless otherwise noted) 


regulator section 


Vcc2 = 10 to 18 V, Icc1 = 0 to —1mA 5 5.5 6 
Mect= Suppvcurnt | voy EBV pogonen ma 


inputs 


PARAMETER pF dT CONDITIONS | MIN TYPt MAX | UNIT 
de oerent re vr PARE TUE OER” Se 3 
| | Vi = 2.4V 17-35 
liH High-level input current bA 
Reset, Enable, and Clock Vi = 18 V 130 220 320 
ee com SORE He COM ERETES 5! 10800 


output section 


ig iswicontienen | aT avg Reeve to 6 


operating characteristics over recommended operating free-air temperature range, 
Vcc1 = Vcc2 = 5.12 V 


pmae Or et ree ee 
3. V 
2 us 


” 
~~ 
® 
® 
of 
op) 
4°) 
~ 
4°) 
a) 


Full scale input voltage t Binary count = 127 374.3 3.02 9 Ras” SBE 


TAIl typical values are at Ta = 25°C. 
tThese parameters are linear functions of Vcc}. 
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TL5071, TL507C 
ANALOG-TO-DIGITAL CONVERTER 


definitions 


zero error 


The absolute value of the difference between the actual analog voltage at the 01H-to-OOH transition and 
the ideal analog voltage at that transition. 


overall error 
The magnitude of the deviation from a straight line between the endpoints of the transfer function. 


differential nonlinearity 


The maximum deviation of an analog-value change associated with a 1-bit code change (1 clock pulse) 
from its theoretical value of 1 LSB. 


PARAMETER MEASUREMENT INFORMATION 


O 

® 

o~* 

® 
SN74 

Tp) 191 

eS i 

4) 

4) 

o> 

7) 


ANALOG DEVICES 
AD562 
(or equivalent) 


RIPPLE 


ANALOG 
INPUT 


OUTPUT 


RIPPLE 


100 kHz 
CLOCK 
INPUT 


OUTPUTS 
DOWN/UP 


FIGURE 1. MONOTONICITY AND NONLINEARITY TEST CIRCUIT 
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TL5071, TL507C 
ANALOG-TO-DIGITAL CONVERTER 


> 


PRINCIPLES OF OPERATION 


The TL507 is a single-slope analog-to-digital converter. All single-slope converters are basically voltage- 
to-time or current-to-time converters. A study of the functional block diagram shows the versatility of 
the TL507. 


An external clock signal is applied through a buffer to a negative-edge-triggered synchronous counter. Binary- 
weighted resistors from the counter are connected to an operational amplifier used as an adder. The 
operational amplifier generates a signal that ramps from 0.75 » Vcc1 downto 0.25 » Vcc1. Comparator 1 
compares the ramp signal to the analog input signal. Comparator 2 functions as a fault defector. With 
the analog input voltage in the range 0.25 « Vcc to 0.75 » Vcc, the duty cycle of the output signal 
is determined by the unknown analog input, as shown in Figure 2 and the Function Table. 


For illustration, assume VC¢c1 = 5.12 V, 


0.25°s Vecy = 1.28 V 


(0.75 — 0.25) Vec1 


1 binary count = hire et aeR ee =.20 mv¥ 


0.75 « VecT. = 1 count = 3.82 V 
The output is an open-collector n-p-n transistor capable of withstanding up to 18 V in the off state. The 


output is current limited to the 8- to 12-mA range; however, care must be taken to ensure that the output 
does not exceed 5.5 V in the on state. 


” 
oe) 
® 
® 
ane 
7p) 
4°) 
od 
© 
G 


The voltage regulator section allows operation from either an unregulated 8- to 18-V VCC2 source or a 
regulated 3.5- to 6-V Vcc source. Regardless of which external power source is used, the internal circuitry 
operates at VCC1. When operating from a VCC source, VCC2 may be connected to VCc¢1 or left open. 
When operating from a VCC2 source, VCC1 can be used as a reference voltage output. 


—— — 3.82V E 
ANALOG INPUT 
LEVEL 1 


RAMP INPUT TO 


COMPARATOR 1 __. ANALOG INPUT 


LEVEL 2 


OUTPUT FOR 
INPUT LEVEL 1 


OUTPUT FOR 
INPUT LEVEL 2 


FIGURE 2 
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TL601, TL604, TL607, TL610 
P-MOS ANALOG SWITCHES 


D2161, JUNE 1976—REVISED OCTOBER 1986 


Switch +10-V Analog Signals JG OR P PACKAGE 
(TOP VIEW) 
TL601 


TTL Logic Capability 

5- to 30-V Supply Ranges 

Low (100 (2) On-State Resistance 
High (1011 Q) Off-State Resistance 


8-Pin Functions 


description 


The TL601, TL604, TL607, and TL610 are a 
family of monolithic P-MOS analog switches that 
provide fast switching speeds with high roff/ron 
ratio and no offset voltage. The p-channel 
enhancement-type MOS switches accept analog 
signals up to +10 V and are controlled by TTL- 
compatible logic inputs. The monolithic structure 
is made possible by BI-MOS technology, which 
combines p-channel MOS with standard bipolar 
transistors. 


Data Sheets BB) 


These switches are particularly useful in military, 
industrial, and commercial applications such as 
data acquisition, multiplexers, A/D and D/A 
converters, MODEMS, sample-and-hold 
systems, signal multiplexing, integrators, pro- 
grammable operational amplifiers, programmable 
voltage regulators, crosspoint switching 
networks, logic interface, and many other analog 
systems. 


TYPICAL OF TYPICAL OF 
The TL601 is an SPDT switch with two logic ALL INPUTS ALL SWITCHES 


control inputs. The TL604 is a dual 
complementary SPST switch with a single 
control input. The TL607 is an SPDT switch with 
one logic control input and one enable input. The 
TL610 is an SPST switch with three logic control 
inputs. The TL610 features a higher roff/ron ratio 
than the other members of the family. 


The TL601M, TL604M, TL607M, and TL610M 
are characterized for operation over the full 
military temperature range of —55°C to 125°C, 
the TL601I, TL604I, TL607I, and TL610I are 
characterized for operation from -—25°C to 
85°C, and the TL601C, TL604C, TL607C, and 
TL610C are characterized for operation from 
O°C te 70°C: 


PRODUCTION DATA documents contain information Copyright © 1979, Texas Instruments Incorporated 


current as of publication date. Products conform to 4 
specifications per the terms of Texas Instruments TEXAS 
standard warranty. Production processing does not 
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TL601, TL604, TL607, TL610 
P-MOS ANALOG SWITCHES 


logic symbolst and switch diagrams 


TL601 6 3 7 
51 spe 2 51 
TL602 
(Teo (6) 
FUNCTION TABLE FUNCTION TABLE 
LOGIC INPUTS ANALOG SWITCH 


A B 


OFF (OPEN) ON (CLOSED) 


a ee ami eee Co rin ane 

ON (CLOSED) OFF (OPEN) 
OFF (OPEN) ON (CLOSED) L OFF (OPEN) ON (CLOSED) 
ON (CLOSED) OFF (OPEN) 


Ee 7 
L60 “ (6) Sj TL610 
5 (4! 
wt S2 


sja0us eleg HS 


RL Wie 


OFF (OPEN) OFF (OPEN) 
OFF (OPEN) ON (CLOSED) 
ON (CLOSED) OFF (OPEN) 


OFF (OPEN) 
OFF (OPEN) 
OFF (OPEN) 
ON (CLOSED) 


TThese symbols are in accordance with ANSI/IEEE Std 91-1984. 


TL607 logic diagram (positive logic) 


ENABLE 
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TL601, TL604, TL6O7, TL610 
P-MOS ANALOG SWITCHES 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


SHURE NERC Os ae (GO TE do ee ers ee ee A poe Sein ecw mntlge ko Lenin altel vanedipennig ange ns aba 30 V 
OCA Ma MIM EEE Ss Tone alr sit hk 5 x= 3 Spee RceRL as ae wee ee 6 oR ne a ae -30 V 
Vee -te VCC-«-supply-voltage-ditferential . i. sins A ee ae re ee ae Se oo rv. 
ea M OILS E cERT Sc cv ates cats bssiyigh ci naan ca gaan aneo hae kre Red AA hicm, EAC 9 Dic a at Ke AUS aed ego AE Voc + 
RN ie RN REN cg asec ct este etc to ly- irk a Dee OR main saiey aaded kk: bys, SUA AR ee he et 30 V 
ea Ce MOUR RU MMM REIERININ Econ oe, gcd ans 0k ve. el ta ag PE emcne a ahh de Al ea eck a ek Sa lacee sheets ee 10 mA 
Operating free-air temperature range: TL601M, TL604M, TL607M, TL610M .... —55°C to 125°C 

TECOT, TEOCSL TEGO7T, TEGTOL ooo i. et -25°C to 85°C 

TLEGTC, TF ECGOSC. TLGOIL, TEE10C os. ve. O°C:to 79°C 
SiGe Perms eG TONE Gv iAe tides oh ee Mis awh oR oi wet ae oe yess Waly —65°C to 150°C 
Lead temperature (1,6 mm) 1/16 inch from case for 60 seconds: JG package............ 300°C 


Lead temperature (1,6 mm) 1/16 inch from case for 10 seconds: P package............. 26072G 


NOTE 1: All voltage values are with respect to network ground terminal. 


recommended operating conditions 


TL601M, TL604M | TL6O1I, TL604I TL601C, TL604C 
TL607M, TL610M | TL6O7I, TL610I TL607C, TL610C | UNIT 


Data Sheets 


Operating free-air temperature, Ta 
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TL601, TL604, TL607, TL610 


P-MOS ANALOG SWITCHES 


electrical characteristics over recommended operating free-air temperature range, VCC + = 10 V, 


Vcc— = -20 V, analog switch test current = 1 mA (unless otherwise noted) 


116M 
pa: eae 


~50 —250 —~50 -—250 
View = —10V, [Ta = 26°C 
See Note 2 Ta = MAX ~50 —100 -10 -20 


56=. 106 wo. - 200 


; 40 100 
fon Switch on-state resistance 


16 


Con Switch on-state input capacitance | Viigw) = OV, f = 1 MHz 
Coft Switch off-state input capacitance} Vijigw) = OV, f = 1 MHz ees: (ae aa Se Se 


TL601 : 
Logic input(s) TL604 
a : ‘ 
| Supply current from V All switch input high 
CC+ pply Ce p g TL607 


terminals Enable 


open input low 


ees are 
TL601 
> —-1,2  -—2,5 = 1:2), =2.5 
Logic input(s) TL604 
at-5.5. Vi; Enable 
—-2.5 —5 —2.5 =5 
Icc — Supply current from Vcc — All switch input high TL607 mA 
terminals Enable 
—0.05: -—0.5 —-0.05 -0.5 
open input low 


Ra -1.2 -2.5 —1.2 -2.5 


TMAX is 125°C for M-suffix types, 85°C for I-suffix types, and 70°C for C-suffix types. 
All typical values are at Ta = 25°C except for Ioff at Ta = MAX. 
NOTE 2: The other terminal of the switch under test is at Vcc + = 10 V. 


switching characteristics, VCC + = 10 V, VCC-— = -20 V, Ta = 25°C 


PARAMETER TEST CONDITIONS MIN TYP MAX} UNIT 


toff Switch turn-off time 400 500 
RL = 1kQ, CL = 35 pF, See Figure 2 ns 
ton Switch turn-on time 100. 150 
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TL601, TL604, TL607, TL610 
P-MOS ANALOG SWITCHES 


Figure 1 shows power supply boundary conditions for proper operation of the TL601 Series. The range 
of operation for supply VCC + from +5 V to +25 V is shown on the vertical axis. The range of Vcc — 
from —5 V to —25 Vis shown on the horizontal axis. A recommended 30-V maximum voltage differential 
from Vcc + to VCC — governs the maximum Vcc + for a chosen VCC — (or vice versa). A minimum 


recommended difference of 15 V from VCC + to VCC — and the boundaries shown in Figure 1 allow the 
designer to select the proper combinations of the two supplies. 


The designer-selected VCC + supply value for a chosen VCC — supply value limits the maximum input 
voltage that can be applied to either switch terminal; that is, the input voltage should be between Vcc — 
+8 V and Vcc + to keep the on-state resistance within specified limits. 


RECOMMENDED COMBINATIONS 
OF SUPPLY VOLTAGES 


Data Sheets B® 


Vcc+—Supply Voltage—V 


0 
—30 —25 -20 -—15 —10 —5 0 
Vcc——Supply Voltage—V 


FIGURE 1 
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TL601, TL604, TL607, TL610 
P-MOS ANALOG SWITCHES 


PARAMETER MEASUREMENT INFORMATION 


24V +10 V 


_——-_ =~ 
OR eae A OUTPUT INPUT 


SS. _—=— = == eee 4 
PULSE jo ARI BR hs Cy = 35 pF ton—¢—> eri tae ae 

1k2Q (See Note B) a. 
(See Note A) = = atl seh 10% 

1k 

TEST CIRCUIT Vo = (10 V) 
TkQ +e 
NOTES: A. The pulse generator has the following characteristics: oe 


Zout = 50 Q, tr s.15 ns, ite = PS:ns; tw = 500 ns. VOLTAGE WAVEFORMS 
B. Cy, includes probe and jig capacitance. 


FIGURE 2 


TYPICAL CHARACTERISTICS 


M-SUFFIX DEVICES M-SUFFIX DEVICES 
I-SUFFIX DEVICES |-SUFFIX DEVICES 
SWITCH ON-STATE RESISTANCE SWITCH ON-STATE RESISTANCE 
vs vs 

SWITCH ANALOG VOLTAGE FREE-AIR TEMPERATURE 


Se a" ERP Fs a Sie ia seal 


Uptown = roma | 


\ 
\ lO(sw) = —1 mA 


ron—Switch On-State Resistance—{2 
— 
=) 
=) 
ron—On-State Resistance—{2 


0 
—15 —10 —5 0 5 10 -—75 -50 -25 0. . 2 ‘60 75 100 125 
Vi(sw)—Switch Analog Voltage—V Ta—Free-Air Temperature—°C 
FIGURE 3 FIGURE 4 
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TLC04/MF4A-50, TLC14/MF4A-100 
BUTTERWORTH FOURTH-ORDER LOW-PASS 
SWITCHED-CAPACITOR FILTERS 


D2970, NOVEMBER 1986—REVISED NOVEMBER 1988 


@ Low Clock-to-Cutoff-Frequency Ratio Error D OR P PACKAGE 
TLCO4/MF4A-50... +0.8% (TOP VIEW) 
TLC14/MF4A-100.... +1% CLKINT [1 © ePTFILTER IN 

@ Filter Cutoff Frequency Dependent Only on CLKR [ }2 FERVEC + 

External-Clock Frequency Stability LSLj3 6 |] AGND 


Vec—({j4 — 5[JFILTER OUT 
@ Minimum Filter Response Deviation Due to 


External Component Variations Over Time 
and Temperature 


@ Cutoff Frequency Range from 0.1 Hz to 


30 kHz, Vcc+ = +2.5V 2 
5-V to 12-V Operation 
Self Clocking or TTL-Compatible and CMOS- 2 
Compatible Clock Inputs . 
Low Supply Voltage Sensitivity re 
Designed to be Interchangeable with Pe 
National MF4-50 and MF4-100 = 
description OQ 
The TLCO4/MF4A-50 and TLC14/MF4A-100 are monolithic Butterworth low-pass switched-capacitor filters. 
Each is designed as a low-cost, easy-to-use device providing accurate fourth-order low-pass filter functions 
in circuit design configurations. 
Each filter features cutoff frequency stability that is dependent only on the external-clock frequency stability. 
The cutoff frequency is clock tunable and has a clock-to-cutoff frequency ratio of 50:1 with less than 
+0.8% error for the TLCO4/MF4A-50 and a clock-to-cutoff frequency ratio of 100:1 with less than +1% 
error for the TLC14/MF4A-100. The input clock features self-clocking or TTL- or CMOS-compatible options 
in conjunction with the level shift (LS) pin. 
The TLCO4M/MF4A-50M and TLC14M/MF4A-100M are characterized over the full military temperature 
range of —55°C to 125°C. The TLCO4I/MF4A-501 and TLC141/MF4A-100I are characterized for operation 
from —40°C to 85°C. The TLCO4C/MF4A-50C and TLC14C/MF4A-100C are characterized for operation 
from O°C to 70°C. 
functional block diagram 
(7) 
Vcc+ LEVEL 
(3) 
LS 
CLKIN 
CLKR 
NONOVERLAPPING 
CLOCK GENERATOR 
FILTER IN BUTTERWORTH (5) 
FOURTH-ORDER FILTER OUT 
AGND ne LOW-PASS FILTER 
Vcc- 
PRODUCTION DATA documents contain information : Copyright © 1986, Texas Instruments Incorporated 
current as of publication date. Products conform to vB 
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TLCO4/MF4A-50, TLC14/MF4A-100 
BUTTERWORTH FOURTH-ORDER LOW-PASS 
SWITCHED-CAPACITOR FILTERS 


AVAILABLE OPTIONS 


PACKAGE 


CLOCK-TO-CUTOFF SMALL OUTLINE PLASTIC DIP 
FREQUENCY RATIO (D) (P) 


TLCO4CD/MF4A-50CD TLCO4CP/MF4A-50CP 


TLC14CD/MF4A-100CD| TLC14CP/MF4A-100CP 
TLCO4ID/MF4A-50ID TLCO4IP/MF4A-5OIP 


TLC14ID/MF4A-100ID TLC141P/MF4A-100IP 
TLCO4MP/MF4A-50MP 


TLC14MP/MF4A-100MP 
0 The D package is available taped and reeled. Add the suffix R to the device type (e.g., 
pe) TLCO4CDR/MF4A-50CDR). 
o> 
a . . . 
/y pin description 
PAD eee 
@ 1/0 DESCRIPTION 
es Analog Ground — The noninverting input to the operational amplifiers of the Butterworth fourth-order low- 
pass filter. 
CLKIN 1 Clock In — The clock input terminal for CMOS-compatible clock or self-clocking options. For either option, 
the Level Shift (LS) terminal is at Vcc — . For self-clocking, a resistor is connected between the CLKIN and 
CLKR terminal pins and a capacitor is connected from the CLKIN terminal pin to ground. 
CLKR 2 Clock R — The clock input for a TTL-compatible clock. For a TTL clock, the level shift pin is connected 
ee to mid-supply and the CLKIN pin may be left open, but it is recommended that it be connected to either 
Voc + oF Vcc -- 
Pane eee ma ee ee ee 
| FILTER OUT =6©5 | O | Butterworth fourth-order low-pass Filter Output 
LS i) Level Shift — This terminal accommodates the various input clocking options. For CMOS-compatible clocks 
or self-clocking, the level-shift terminal is at Vcc — and for TTL-compatible clocks, the level-shift terminal 
is at mid-supply. 
Vega. 2 fot | Resiive sudbhy veltasetemninl i ee 
SS ACR So ee Negative supply voltage terminal 
TEXAS 4 
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TLC04/MF4A-50, TLC14/MF4A-100 
BUTTERWORTH FOURTH-ORDER LOW-PASS 
SWITCHED-CAPACITOR FILTERS 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


SUDDiy MoOage. “Wart; (SOO Wolter). 5 ete eer so kansas: fe lat eas ce em ek see ae eee £7 
Operating free-air temperature range: TLCO4M/MF4A-50M, TLC14M/MF4A-100M —-—55°C to 125°C 
TLCO4I/MF4A-501I, TLC141/MF4A-100]1..... —40°C to: 85°C 
TLCO4C/MF4A-50C, TLC14C/MF4A-100C..... 0 °C to: 726 
Sterne terrier atic tanie = se aise a a Oe a ei -—65°C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds...................005. 260°C 


NOTE 1: All voltage values are with respect to the AGND terminal. 


recommended operating conditions 


” 
ve) 
® 
® 
alae 
op) 
© 
er) 
14°) 
OQ 


7h 


NOTES: 2. Above 250 kHz, the input clock duty cycle should be 50% to allow the operational amplifiers the maximum time to settle 
while processing analog samples. 
3. The cutoff frequency is defined as the frequency where the response is 3.01 dB less than the dc gain of the filter. 
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TLOO4/MF4A-50, TLC14/MF4A-100 
BUTTERWORTH FOURTH-ORDER LOW-PASS 
SWITCHED-CAPACITOR FILTERS 


electrical characteristics over recommended operating free-air temperature range, VCC + = 2.5 V, 
VCC-— = -2.5 V, fclock < 250 kHz (unless otherwise noted) 


filter section 


PARAMETER TEST CONDITIONS 


Voo Output voltage offset aac 


VOM + 
VOM Peak output voltages tom: | 10 kQ 
VOM — 


url (a ee Ly SOs ey ee 
los __— Short-circuit output current | Source | ve mA 


Icc Supply current felock = 250 kHz 1.2 2.25 


NOTE 4: Igs (source current) is measured by forcing the output to its maximum positive voltage and then shorting the output to the negative 
supply (Vcc —) terminal. logs (sink current) is measured by forcing the output to its maximum negative voltage and then shorting 
the output to the positive supply (Vcc +) terminal. 


operating characteristics over recommended operating free-air temperature range, VCC + = 2.5 V 
Vcc— = -—2.5 V (unless otherwise noted) 


TLCO04/MF4A-50 
PARAMETER TEST CONDITIONS 
MIN TYPt MAX MIN TYPt MAX 
Maximum clock frequency, tax SEE a 


Clock-to-cutoff-frequency ratio 
(fclock/fco) 
Temperature coefficient of 
folock = 250 kHz 25 ppm/°C 
clock-to-cutoff frequency ratio 
folk = 250 kHz, 


folk = 250 kHz, 


Dynamic range (eee Note 6) Ta = 28°C a TEs Sle aN 
Stop-band frequenc 

“4 psi felock < 250 kHz 
attentuation at 2 fog 
DC voltage amplification folock = 250 kHz, =2kQ }-0.15 0.15,|-—0.15 O° 0,15 
Peak-to-peak clock 

a Ta = 25°C mV 

feedthrough voltage 


TAI typical values are at Ta = 25°C. 
NOTES: 2. Above 250 kHz, the input clock duty cycle should be 50% to allow the operational amplifiers the maximum time to settle 
while processing analog samples. 
5. The frequency responses at f are referenced to a dc gain of O dB. 
6. The dynamic range is referenced to 1.06 V rms (1.5 V peak) where the wideband noise over a 30-kHz bandwidth is typically 
106 nV rms for the TLCO4/MF4A-50 and 135 zV rms for the TLC14/MF4A-100. 


s}aays eed By 


Frequency response above and below 
cutoff frequency (see Note 5) 
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TLCO4/MF4A-50, TLC14/MF4A-100 
BUTTERWORTH FOURTH-ORDER LOW-PASS 
SWITCHED-CAPACITOR FILTERS 


electrical characteristics over recommended operating free-air temperature range, VCC + = 5 V, 
Vcec—- = —5V., felock < 250 kHz, (unless otherwise noted) 


TLC04/MF4A-50 TLC14/MF4A-100 
PARAMETER TEST CONDITIONS UNIT 
MIN TYPt MAX | MIN TYPTt MAX 


Voo Output voltage offset he pore 150 
V 3:75 4.3 3.75 4.5 
Vom Peak output voltages Qe Ri = 10 kQ 
-3.75  -4.1 -3.75  -4.1 
Ta = 


l Short-circuit output t A = 25°C, -2 A 
ort-circulit Output Curren m 
08 Soe Note 4 


icc Supply current fclock = 250 ke 
ksyg Supply voltage sensitivity (see Figures 1 and 2) Reese Ree —30 | dB. J 


NOTE 4: Igg (source current) is measured by forcing the output to its maximum positive voltage and then shorting the output to the negative 
supply (Vcc —) terminal. log (sink current) is measured by forcing the output to its maximum negative voltage and then shorting 
the output to the positive supply (Vcc +) terminal. 


filter section 


clocking section 


V = 10V, Vecc- =0 
Vt + Positive-going input threshold voltage ees CC 
VeCs = 5V, . Vege = 2 
CLKIN 


Data Sheets Bye 


VEC 4 = IOV... Ven. = 0 
VOCs FAM, Vee = 6 
Ver wvent0iv, o-Vee ob a0 


Vt — Negative-going input threshold voltage 


Vhys Hysteresis (VT + — VT_-) 


TAIl typical values are at Ta = 25°C. 
Wee.= Neck — Vcc =. 


VOH_ High-level output voltage 
CLKR 


Vcc = 5 V {shorted to Vcc + 
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TLCO4/MF4A-50, TLC14/MF4A-100 
BUTTERWORTH FOURTH-ORDER LOW-PASS 
SWITCHED-CAPACITOR FILTERS 


operating characteristics over recommended operating free-air temperature range, VCC + = 5 V, 
Vcc— = -—5 V (unless otherwise noted) 


PARAMETER TEST CONDITIONS 


Maximum clock frequency, fra x 
(see Note 2) 


fog = 5 kHz, 
folk = 250 kHz, 
Frequency response above and below} Ta = 25°C 
cutoff frequency (see Note 5) foo = 2.5 kHz, 
folk = 250 kHz, 
Ta = 25°C 


Dynamic range (see Note 7) 


Stop-band frequenc 
acy’ aE saris 3 felock < 250 kHz 24 25 
attentuation at 2 fog 


DC voltage amplification folock = 250 kHz, RS < =0.15 0 ; 
Peak-to-peak clock 

Ta = 25°C 7 7 mV 
feedthrough voltage 


T All typical values are at Ta = 25°C. 
NOTES: 2. Above 250 kHz, the input clock duty cycle should be 50% to allow the operational amplifiers the maximum time to settle 
while processing analog samples. 
5. The frequency responses at f are referenced to a dc gain of O dB. 


7. The dynamic range is referenced to 2.82 V rms (4 V peak) where the wideband noise over a 30-kHz bandwidth is typically 
142 nV rms for the TLCO4/MF4A-50 and 178 uV rms for the TLC14/MF4A-100. 


sjaeus eleq HS) 
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Filter Output — dB 


Filter Output — dB 


TLOO4/MF4A-50, TLC14/MF4A-100 
BUTTERWORTH FOURTH-ORDER LOW-PASS 
SWITCHED-CAPACITOR FILTERS 


TYPICAL CHARACTERISTICS 


FILTER OUTPUT 
Vs 
SUPPLY VOLTAGE Vcc + RIPPLE FREQUENCY 


OT Vee ev 4.50 sine ways T 
| (0 to 40 kHz) 
-10+ Vcc = _-=5 V san am 
Filter In at 0 V 


+— — 3 + + +— 4 


~20} 


| 
ol 
io) 
qe 
| 
+ 
es TE SF 
4 
+ 


gop A Eee ol 1 | 1 ns oe 
0 5 40--+-18—..20.--.26.- - 30-35-40 
Supply Voltage Vcc + Ripple Frequency —kHz 


FIGURE 1 


FILTER OUTPUT 
VS 
SUPPLY VOLTAGE Vcc — RIPPLE FREQUENCY 


fe) Ra ag er ee = 
V = 5V 
-5 V + 50-mV sine wave 
— 10; (0 to 40 kHz) 
Filter In atO V 
felock = 250 kHz 


ca (ae Sa aa an A Ol 
=30 + | 
- 40 
- 50 
ao, 


5 1G) | Fare ee ee B05 SS. - 4 
Supply Voltage Vcc — Ripple Frequency — kHz 


FIGURE 2 


< 
2) 
i?) 

| 

Il 
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TLCO4/MF4A-50, TLC14/MF4A-100 
BUTTERWORTH FOURTH-ORDER LOW-PASS 
SWITCHED-CAPACITOR FILTERS 


TYPICAL APPLICATION DATA 


ee: a 


Vec+ LEVEL T 
(3) Is 
) 
| 
Bis Seah 1) ICLKIN x 
cmos ) io Be 
CLKIN 


-5V 


2 NONOVERLAPPING 
CLOCK GENERATOR 
© 
re 
mo BUTTERWORTH | 51 reeds) 
— FOURTH-ORDER = 
= LOW-PASS FILTER Ov | 
@ 
@ 
RSI a Saber Tae ter ahi ac Ala, Shapers tan me ag any 
~” 
-5V 
FIGURE 3. CMOS-CLOCK-DRIVEN, DUAL-SUPPLY OPERATION 
5V 
Phy lV gadtieshst ADEN | oe 
Bs Vcc+ LEVEL oF 
(3)ILs $\_ SHIFT , 
ak ) 
w— 5 V j > v Be. 
TTL | | (2) 1 CLKR 
CLKR | 
OV | | 
| NONOVERLAPPING. 
CLOCK GENERATOR , 
! it eee 
(8) 0 FILTER IN 
BUTTERWORTH |. 12. | ve 
(6)1 AGND FOURTH-ORDER 
LOW-PASS FILTER | OUT 
L VCC - J 
ig 
-5V 
FIGURE 4. TTL-CLOCK-DRIVEN, DUAL-SUPPLY OPERATION 
i 
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FIGURE 5. 


TLOO4/MF4A-50, TLC14/MF4A-100 
BUTTERWORTH FOURTH-ORDER LOW-PASS 
SWITCHED-CAPACITOR FILTERS 


TYPICAL APPLICATION DATA 


5V 
(7) 
si Vcc + LEVEL 7 
(3) Ls 
i 
| 
| 
| 
NONOVERLAPPING : 
CLOCK GENERATOR 
o2 | 
FILTER | 


BUTTERWORTH FILTER 1 (5) 


INPUT FOURTH-ORDER 
LOW-PASS FILTER OUT | 


—-5 V 


f ” 
IO BIS sin (zee - | fon 
Veo 7) Vite avE 


For Vcc = 10 V, 


1 
‘clock * 769 RC 


SELF-CLOCKING THROUGH SCHMITT-TRIGGER OSCILLATOR, DUAL-SUPPLY OPERATION 
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TLCO4/MF4A-50, TLC14/MF4A-100 
BUTTERWORTH FOURTH-ORDER LOW-PASS 
SWITCHED-CAPACITOR FILTERS 


TYPICAL APPLICATION DATA 


+10 V 


“Eevee or 


CMOS 
CLKIN 


(SEE NOTE A) 


2 -- NONOVERLAPPING 
TTL CLOCK GENERATOR 

w) CLKR 
je) o1 2 
ad 10 ki 
© | 
~n FILTER IN-Y5-5 voc BUTTERWORTH | cuter | (5) 

(SEE NOTE B) 16) |aGnp FOURTH-ORDER sat 
> LOW-PASS FILTER 
@ i 
oO Vcc - or 
” x 10 ko (4) 

af (SEE NOTE C) 


NOTES: A. The external clock used must be of CMOS level because the clock is input to a CMOS Schmitt trigger. 
B. The Filter input signal should be dc-biased to mid-supply or ac-coupled to the terminal. 
C. The AGND terminal must be biased to mid-supply. 


FIGURE 6. EXTERNAL-CLOCK-DRIVEN SINGLE-SUPPLY OPERATION 
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TLCO4/MF4A-50, TLC14/MF4A-100 
BUTTERWORTH FOURTH-ORDER LOW-PASS 
SWITCHED-CAPACITOR FILTERS 


TYPICAL APPLICATION DATA 


SHIFT 
(1) ! CLKIN lem pS D> 
(2) ai tax eo ee CLKR 
NONOVERLAPPING 
CLOCK GENERATOR 
2 
F 
ee IN eee ILTER 


+10 V 


Data Sheets Le 


OUT 
FOURTH-ORDER o 
cor eg coe LOW-PASS FILTER 
10 kQ (4) 
(SEE NOTE A) 


; 

f . 

clock ™ ‘RC x In [Yes = vt) VT+ 
Vec - Vt+/ \VT- 


For Vcc = 10 V, 
1 
fclock “ 69 AC 


NOTE A: The AGND terminal must be biased to mid-supply. 


FIGURE 7. SELF-CLOCKING THROUGH SCHMITT-TRIGGER OSCILLATOR, SINGLE-SUPPLY OPERATION 
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TLOO4/MF4A-50, TLC 14/MF4A-100 
BUTTERWORTH FOURTH-ORDER LOW-PASS 
SWITCHED-CAPACITOR FILTERS 


S}JB9YS eJeG ~~ 
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TYPICAL APPLICATION DATA 


5 ¥ 


NONOVERLAPPING 
CLOCK GENERATOR 
: 


FILTER | 


(8) | etter in 
BUTTERWORTH OUT i (5) 
FOURTH-ORDER 
TOUR TeE WEER. i 
10 kQ | 
: Vor. 
L =a == = —- car ee RH ae i ttainell ——~_eeeEweTeeeePe ee lc Tell OE UCU CUCU OC a 


-5 V 


FIGURE 8. DC OFFSET ADJUSTMENT 
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TLCO10/MF10A, TLC20/MF10C 
UNIVERSAL DUAL SWITCHED-CAPACITOR FILTER 


D2952, AUGUST 1986—REVISED NOVEMBER 1988 


Maximum Clock to Center-Frequency Ratio N DUAL-IN-LINE PACKAGE 

Error (TOP VIEW) 
TLO10.... £0.6% 
TEGZO .. 5... ETSS 


@® Filter Cutoff Frequency Stability Dependent 
Only on External-Clock Frequency Stability 


@ Minimum Filter Response Deviation Due to 
External Component Variations over Time 
and Temperature 


@ Critical-Frequency Times Q Factor Range Up 
to 200 kHz 


2 


Critical-Frequency Operation Up to 30 kHz 


FN CHIP CARRIER PACKAGE 7) 
Designed to be Interchangeable with: (TOP VIEW) ors 
National MF10 + rab) 
: x Bi 
Maxim MF10 Soaagd rT 
Linear Technology LTC1060 o,f ARN 
(aS |) ae SS ig] BD co 
82 20099 4 
description 1IN- 14 187] 2NAH BS 
The TLC10/MF10A and TLC20/MF10C are 1APIN Jj © 17] 21N — 
monolithic general-purpose switched-capacitor SW UJ 6 16 |] 2APIN 
CMOS filters each containing two independent Vcc+P? 15L] AGND 
active-filter sections. Each device facilitates Vop+ H8 140 Vec- 
configuration of Butterworth, Bessel, Cauer, or 9 13 
: ’ ea Bb we 1 em five 8 aap 
Chebyshev filter design. Nw ot + 
Too oO 
Filter features include cutoff frequency stability -—ANGO S 
that is dependent only on the external clock 
frequency stability and minimal response 
deviation over time and temperature. Features ae itgiwe te Aids des 
also include a critical-frequency times filter 
: MAX 
quality (Q) factor range of up to 200 kHz. ; eeeeee CHIP CARRIER | PLASTIC DIP 
clock/te 
With external clock and resistors, each filter wal (N) 
section can be used independently to produce Levi THEARGH 
various second-order functions or both sections te 04 er 
can be cascaded to produce fourth-order —— vee 
functions. For functions greater than fourth- een 
order, ICs can be cascaded. ei ri 
MF10CCFN MF10CCN 
The TLC10/MF10A and TLC20/MF10C are 
characterized for operation from O°C to 70°C. 
PRODUCTION DATA documents contain information ° Copyright © 1986, Texas Instruments Incorporated 
current as of publication date. Products conform to tis 
specifications per the terms of Texas Instruments TEXAS 9-139 
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TLC10/MF10A, TLC20/MF10C 
UNIVERSAL DUAL SWITCHED-CAPACITOR FILTER 


AGND 15 Analog Ground — The noninverting inputs to the input operational amplifiers of both filter sections. This terminal 

cai i should be at ground for dual supplies or at mid-supply level for single-supply operation. 
1APIN All-Pass Inputs — The all-pass input to the summing amplifier of each respective filter section used for all-pass 
2APIN filter applications in configuration modes 1a, 4, 5, and 6. This terminal should be driven from a source having 
an impedance of less than 1 kQ. In all other modes, this terminal is grounded. See Typical Application Data. 


1BP 2 Band-Pass Outputs — The band-pass output of each respective filter section provides the second-order band- 
19 pass filter functions. 


Center Frequency/Current Limit — This input terminal provides the option to select the input-clock-to-center- 


frequency ratio of 50:1 or 100:1 or to limit the current of the IC. For a 50:1 ratio, the CF/CL terminal is set 
to Vpp +- For a 100:1 ratio, the CF/CL terminal is set to ground for dual supplies or to mid-supply level for 
single-supply operation. For current limiting, the CF/CL terminal is set to Vpp — . This aborts filtering and limits 
the IC current to 0.5 milliamperes. 

Clock Inputs — The clock input to the two-phase nonoverlapping generator of each respective filter section 
is used to generate the center frequency of the complex pole pair second-order function. Both clocks should 
be of the same level (TTL or CMOS) and have duty cycles close to 50%, especially when clock frequencies 
(fclock) greater than 200 kHz are used. At this duty cycle, the operational amplifiers have the maximum time 
to settle while processing analog samples. 

Inverting Inputs — The inverting input side of the input operational amplifier whose output drives the summing 
amplifier of each respective filter section. 


Low-Pass Outputs — The low-pass outputs of the second-order filters. 


Level Shift — This terminal accommodates various input clock levels of bipolar (CMOS) or unipolar (TTL or 


sjaeys eleg BS 


other clocks) to function with single or dual supplies. For CMOS (+ 5-volt) clocks, Vpp — or ground is applied 
to the LS terminal. For TTL and other clocks, ground is applied to the LS terminal. 

Notch, All-Pass, or High-Pass Outputs — The output of each respective filter section can be used to provide 
either a second-order notch, all-pass, or high-pass output filter function, depending on circuit configuration. 
Switch Input — This input terminal is used to control internal switches to connect either the AGND input or 
the LP output to one of the inputs of the summing amplifier. The terminal controls both independent filter sections 


and places them in the same configuration simultaneously. If Vcc — is applied to the SW terminal, the AGND 


input terminal will be connected to one of the inputs of each summing amplifier. If Vcc + is applied to the 
SW terminal, the LP output will be connected to one of the inputs of the summing amplifier. 


TEXAS 4 
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TLC10/MF10A, TLC20/MF10C 
UNIVERSAL DUAL SWITCHED-CAPACITOR FILTER 


functional block diagram 


reik 20) 


9 
(12) 
CF/CL 


Woe ie oe s 
Tees < Cae aa ae ea 1NAH 
AGND 
(2) 
i 1BP 
1APIN (5) 
1LP 
Ae WR 
(6) 


SW 
2CLK 


o1 
Pa el CONTROL CLOCK GENERATOR 


17 3 
2IN - Ae, 


2APIN 
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TLC10/MF10A, TLC20/MF10C 
UNIVERSAL DUAL SWITCHED-CAPACITOR FILTER 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Palen SUDO WtAe = 0 OC 2 Ol CeO Wi sv ea Ee de as ec Pare ata a tk een athe ars Pav 
SAFE ae SEG MOREA N (NY SPS Cheb bags «bout cks se keg Bane eae Dea AS +7V 
Cpersting tree-alr temperature tates 2. ec es Seas iw Sea eee O°S 40-7076 
mrprage temceratureFange c60 Oe ee ay oe ah a LR os 6 wee tee —65°C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: FN or N package ........ 260°C 


NOTE 1: All voltage values are with respect to the AGND terminal. 


recommended operating conditions 


a Operating free-air temperature, Ta 
o NOTES: 2. Acommon supply voltage source should be used for the analog and digital supply voltages. Although each has separate terminals, 
they are connected together internally at the substrate. Vcc + and Vpp + can be connected together at the device terminals 
op) or at the supply voltage source. The same is true for VcC-— and Vpp-. 
CC DD 
= 3. Both input clocks should be of the same level type (TTL or CMOS), and their duty cycles should be at 50% above 200 kHz 
- to allow the operational amplifiers the maximum time to settle while processing analog samples. 
D electrical characteristics at Vcc + = +5V,Vpp+ + = +5V,Ta = 25°C (unless otherwise noted) 
TLC10/MF10A TLC20/MF10C 
PARAMETER TEST CONDITIONS UNIT 
MIN TYP MAX MIN TYP MAX 
Maximum peak-to-peak output 
Vopp c P , Ri = 3.5 k@ at all outputs 43,8. +39 
voltage swing 
los : See Note 4 mA 
current, Pins 3 and 18 IRON TSN ANS [TENG 
icc Supply current eee Sra a I ies EY CIS he 
NOTE 4: The short-circuit output current for pins 1, 2, 19, and 20 will be typically the same as pins 3 and 18. 
operating characteristics at VCC + = +5V, Vpp+ = +5V, Ta = 25°C (unless otherwise noted) 
TLC10/MF10A TLC20/MF10C 
PARAMETER TEST CONDITIONS 
MIN TYP MAX MIN TYP MAX 
Critical-frequency range fo X Q s 200 kHz 20 30 20 30 
Maximum clock 
See Note 3 1 jee 1 1:5 MHz 
frequency, foigck 
Clock to center-frequency | fg < 5 kHz, R3/R2 = 10, 49.64 49.94 50.24 |49.24 49.94 50.64 
ratio Mode 1, See Figure 1 98.75 99.35 99.95 |97.86 99.35 100.84 
Temperature coefficient of | fo < 5 kHz, R3/R2 = 20,|Pin 12 at 5 V ie 
center frequency Mode 1, See Figure 1 |Pin 12 atO V OG) septs 
Temperature coefficient of | fg < 5 kHz, EOD G6 Z 
measured filter Q Mode 1 < Rem TS: 
Low-pass output deviation | R1 = R2 = 10k? 
‘ +2% +2% 
from unity gain Mode 1, See Figure 1 
Noemie AS a Ro ee en ee 
Operational amplifier ee ; 
gain-bandwidth product ‘ ves 
Operational amplifier 
7 fh V/us 
slew rate 
Texas W 
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TLC10/MF10A, TLC20/MF10C 
UNIVERSAL DUAL SWITCHED-CAPACITOR FILTER 


| Sa ool RSAC AS A, HS aeRO OUR IN HAGA A MS BUFR OANY ADSENSE i ES aS RSE REE PA a AU RENARD iB Fl aU rt 2 i SI ARNE, 


TYPICAL APPLICATION DATA 


modes of operation 


The TLC10/MF10A and TLC20/MF10C are switched-capacitor (sampled-data) filters that closely 
approximate continuous filters. Each filter section is designed to approximate the response of a second- 
order variable filter. When the sampling frequency is much larger than the frequency band of interest, the 
sampled-data filter is a good approximation to its continuous time equivalent. In the case of the 
TLC10/MF10A and TLC20/MF10C, the ratio is about 50:1 or 100:1. To fully describe their transfer function, 
a time domain approach would be appropriate. Since this may appear cumbersome, the following application 
examples are based on the well known frequency domain. It should be noted that in order to obtain the 
actual filter response, the filter’s response must be examined in the z-domain. 


; 
clock Y% TLC10/MF10A, TLC20/MF10C 


NONOVERLAPPING 
CLOCK GENERATOR 


NOTCH OUT 


Data Sheets #8) 


BAND-PASS OUT 


LOW-PASS OUT 


fo = felock/100 or felgcK/50 

fnotch = fo 

HoL_p = —R2/R1 (as f > O) 

Hopp = —R3/R1 (at f = fo) 

as f approaches 0 —R2/R1 
as f approaches 0.5 folock 
Q = fp/BW = R3/R2 


HON = Notch gain | 


Circuit dynamics: 
The following expressions determine the swing at each output as a function of the desired OQ of the second-order function. 
Ho_p = Hopp/OQ or Hotp X Q = HON x Q 
Hop (peak) = Q x Ho _p (for high Qs) 


FIGURE 1. MODE 1 FOR NOTCH, BAND-PASS, AND LOW-PASS OUTPUTS: fnotch = fo 
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TLCO10/MF10A, TLC20/MF10C 
UNIVERSAL DUAL SWITCHED-CAPACITOR FILTER 


TYPICAL APPLICATION DATA 


fclock 


’ TLC10/MF10A, TLC20/MF10C 
eee 


NONOVERLAPPING 
CLOCK GENERATOR 


NONINVERTING 
BAND-PASS OUT (BP2) 


BAND-PASS OUT (BP1) 

O 
= 
e.*! 
ep) LOW-PASS OUT 
> 
3°) 
9°) 
+> 
” 

fo = folock/100 or foigg,/50 

Q = R3/R2 

Hote = -1 Ho_p (peak) = Q x Ho tp (for high Qs) 

Hopp1 = —R3/R2 

Hopp2 = 1 (noninverting) 

Circuit dynamics: 

Hopp1 = Q 
FIGURE 2. MODE 1a FOR NONINVERTING BAND-PASS AND LOW-PASS OUTPUTS 
U 
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TLCO10/MF10A, TLC20/MF10C 
UNIVERSAL DUAL SWITCHED-CAPACITOR FILTER 


TYPICAL APPLICATION DATA 


fclock 


% TLC10/MF10A, TLC20/MF10C 
ares 


NONOVERLAPPING 
CLOCK GENERATOR 


NOTCH OUT 


2 


BAND-PASS OUT 


LOW-PASS OUT 


Data Sheets 


fhotch = felock/100 or felock/50 


9 a eee 
R2/R3 

Ho_p (as f approaches O) = —R2/Ri_ 

R2/R4 + 1 
Hopp (at f = fo) = —R3/R1 

—R2/R1 

Hon1 (as f approaches O) = a Re 
Honz2 (as f approaches 0.5 fcigck) = —R2/R1 


Circuit dynamics: 


Hopp = Q YHo_p <x Hon2 = Q yHont x HON2 


FIGURE 3. MODE 2 FOR NOTCH 2, BAND-PASS, AND LOW-PASS OUTPUTS: fnotch < fo 
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TLC10/MF10A, TLC20/MF10C 
UNIVERSAL DUAL SWITCHED-CAPACITOR FILTER 


TYPICAL APPLICATION DATA 


felock 
cloc % TLC10/MF10A, TLC20/MF10C 


NONOVERLAPPING 
CLOCK GENERATOR 


NOTCH OUT 


BAND-PASS OUT 
© 
o> 
pe) 
2) LOW-PASS OUT 
> 
4) = 
@ | 
R4 
@ ! 
7 C1! 
| 
| 
| 
J 
o= yR2/R4 x R3/R2 
Houp (as f approaches 0.5 feigck) = —R2/R1 
Ho_p (as f approaches 0) = —R4/R1 
Hopp (at f = fo) = —R3/R1 
Circuit dynamics: 
R2/R4 = HoHp/HoLp: Hopp = ¥Houp x Hoip x Q 
Hop (peak) = Q x Ho p (for high Qs) 
HOHp (peak) = Q x Hopp (for high Qs) 
Tin this mode, the feedback loop is closed around the input summing amplifier; the finite GBW product of this operational amplifier will 
cause a slight Q enhancement. If this is a problem, connect a low-value capacitor (10 pF to 100 pF) across Ré4 to provide some phase lead. 
FIGURE 4. MODE 3 FOR HIGH-PASS, BAND-PASS, AND LOW-PASS OUTPUTS 
cf 4 
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TLC10/MF10A, TLC20/MF10C 
UNIVERSAL DUAL SWITCHED-CAPACITOR FILTER 


TYPICAL APPLICATION DATA 


fclock 
% TLC10/MF10A, TLC20/MF10C 
Rt aN iat ee sie oe 
V\ | o1 | 
CLK NONOVERLAPPING 
R1 | CLOCK GENERATOR | 
IN — | 
ii . PT 


BAND-PASS OUT 


2 


EXTERNAL 
OPERATIONAL 
AMPLIFIER 
NOTCH OUT 


LOW-PASS OUT 


Data Sheets 


fo = (felock!100 or felock/50) VR2/R4 
Q = JR2/R4 x RB/R2 


HoOHpP = —R2/R1 

Hopp = —R3/R1 

Ho_tp = —R4/R1 

fnotch = (felock/100 or fclock/50) VRh/Ri 

Hon (at f = fo) = | Q (Rg/Ri x Ho_p — Rg/Rh x HOHP) 


Hon (as f approaches 0) = Rg/Ri x HOLp 
HON2 (as f approaches 0.5 feigck) = —Rg/Rh x HOHP 


FIGURE 5. MODE 3a FOR HIGH-PASS, BAND-PASS, LOW-PASS, AND 
NOTCH OUTPUTS WITH EXTERNAL OPERATIONAL AMPLIFIER 
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TLC10/MF10A, TLC20/MF10C 
UNIVERSAL DUAL SWITCHED-CAPACITOR FILTER 


TYPICAL APPLICATION DATA 


% TLC10/MF10A, TLC20/MF10C 


NONOVERLAPPING 
CLOCK GENERATOR 


ALL-PASS OUT 


BAND-PASS OUT 


LOW-PASS OUT 


sjaayus e1egq HS) 


fo = felock/100 or felock/50 


fh fs! 
Q = fo/BW = R3/R2 
Q, = R3/R1 
Hoap (at O < f < 0.5 feiock) = —R2/R1 = -1 
(for AP output R1 = R2) 
Hop (as f approaches 0) = —(R2/R1 + 1) = —2 
Hopp (at f = fo) = —R3/R2 (R2/R1 + 1) = -—2 (R3/R2) 


Circuit dynamics: 


Hopp = Hote x Q = (Hoap + 1) Q 


TDue to the sampled-data nature of the filter, a slight mismatch of fz and fg occurs causing a 0.4-dB peaking around fg of the all-pass 
filter amplitude response (which theoretically should be a straight line). If this is unacceptable, Mode 5 is recommended. 


FIGURE 6. MODE 4 FOR ALL-PASS, BAND-PASS, AND LOW-PASS OUTPUTS 


j 
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TLO10/MF10A, TLC20/MF10C 
UNIVERSAL DUAL SWITCHED-CAPACITOR FILTER 


TYPICAL APPLICATION DATA 


Vv) Y% TLC10/MF10A, TLC20/MF10C 


COMPLEX ZERO OUT 


BAND-PASS OUT 
Y) 
~~ 
® 
® 
a asi 
LOW-PASS OUT dp) 

© 
va 
© 
a) 

fo = VR2/R4 + 1 X (foig¢k/100 or feiocK/50) 

f2 = V1 — R1/R4 X (fejiock/100 or feigck/50) 

Q = JR2/R4 + 1 x R3/R2 

Q, = ¥1 — R1/R4 x R3/R1 

HoQ71 (as f approaches 0) = R2 (R4 — R1)/R1 (R2 + R4) 

Hoz2 (as f approaches 0.5 fojgck) = R2/R1 

Hopp = (R2/R1 + 1) x R3/R2 

Hotp = (R2 + R1)/(R2 + R4) x R4/R1 

FIGURE 7. MODE 5 FOR NUMERATOR COMPLEX ZEROS, BAND-PASS, AND LOW-PASS OUTPUTS 
z 4 
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TLC10/MF10A, TLC20/MF10C 
UNIVERSAL DUAL SWITCHED-CAPACITOR FILTER 


TYPICAL APPLICATION DATA 


f 
clock Y% TLC10/MF10A, TLC20/MF10C 


HIGH-PASS OUT 


LOW-PASS OUT 
(INVERTED) 


sjaaus ejeqg oe, 


fo = R2/R3 (felock/100 or felock/50) 
HOLp = —R3/R1 
HouHp = —R2/R1 


FIGURE 8. MODE 6 FOR SINGLE-POLE HIGH-PASS AND LOW-PASS OUTPUT 
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TLC10/MF10A, TLC20/MF10C 
UNIVERSAL DUAL SWITCHED-CAPACITOR FILTER 


TYPICAL APPLICATION DATA 


fclock 


% TLC10/MF10A, TLC20/MF10C 
en 


LOW-PASS OUT 
(NONINVERTED) 


LOW-PASS OUT 
(INVERTED) 


HOLpP1 = 1 (noninverting) 
HoLp2 = —R3/R2 


FIGURE 9. MODE 6a FOR SINGLE-POLE LOW-PASS OUTPUT (INVERTED AND NONINVERTED) 


43 
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TLC10/MF10A, TLC20/MF10C 
UNIVERSAL DUAL SWITCHED-CAPACITOR FILTER 


TYPICAL APPLICATION DATA 


5V 


TLC10/MF10A, TLC20/MF10C 


Vcc+ 
LOW-PASS 


aoe — OUTPUT 
LEVEL SHIFT 
200-kHz 
TTL CLOCK 2CLK 
1CLK 
CENTER FREQ/ 
2 CURRENT LIMIT 1BP 
CONTROL 
INPUT 1APIN 
O 
® 
oe 
pe8) 
2) 
— R2 = 100 k2 
© R2’ = 100 kQ 
4°) -5V R3 = 53.6 kO 
a R3’ = 130 ko 
FIGURE 10. FOURTH-ORDER 2-kHz LOW-PASS BUTTERWORTH FILTER 
filter terminology 
fo The cutoff frequency of the low-pass or high-pass filter output 
folock The input clock frequency to the device 
fnotch The notch frequency of the notch output 
fo The center frequency of the complex pole pair second-order function 
fz The center frequency of the complex zero pair 
HOBP The band-pass output voltage gain (V/V) at the band-pass center frequency 
HOHP The high-pass output voltage gain (V/V) as the frequency approaches 0.5 felock 
HOLP The low-pass output voltage gain (V/V) as the frequency approaches O 
HON The notch output voltage gain (V/V) at the notch frequency 
HON1 The low-side notch output voltage gain as the frequency approaches O 
HON2 The high-side notch output voltage gain as the frequency approaches 0.5 felock 
HOZ1 Gain at complex zero output (as f > O Hz) 
HOzZ2 Gain at complex zero output (as f approaches 0.5 fejock) 
The quality factor of the complex pole pair second-order function. Q is the ratio of fo to 
the 3-dB bandwidth of the band-pass output. The value of Q also affects the possible 
peaking of the low-pass and high-pass outputs. 
Q, The quality factor of the complex zero pair, if such a complex pair exists. This parameter is 
used when an all-pass filter output is desired. 
Texas 
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TLC10/MF10A, TLC20/MF10C 
UNIVERSAL DUAL SWITCHED-CAPACITOR FILTER 


= Hosp fH ~ fL 
> -1 1 \2 
Ba 0.707 Hopp fy fo (= - tsa] ) 
g 
fy =f ct Fae | ) 
ie DAN Le sa] 
fi en © | 
f (LOG SCALE) 

FIGURE 11. BAND-PASS OUTPUT hd 
© 
® 
Po 
7) 

Ho & 
P 
> HoLP ies Py 
> 
ae 0.707 HoL_p 
g ip = fo¥ 1 299 
1 
Hop = Hoip x ; 
a! 4a2 
f, fo 
f (LOG SCALE) 
FIGURE 12. LOW-PASS OUTPUT 
Hop 
S HOHP {. 1-—=} + 
> 
2 0.707 HoHp | ae ae 
3 fp © = fo. x|v 1- rag 
H H 
OP -cRone x SS 
noe Pee Oe 
Q 4Q2 
im ty 
f (LOG SCALE) 
FIGURE 13. HIGH-PASS OUTPUT 
E i 
| 2-153 
NSTRUMENTS 


POST OFFICE BOX 655012 * DALLAS, TEXAS 75265 


N 


Data Sheets 


2-154 


TL€532AM, TLC532Al, TLC533AM, TLC533Al 
LinCMOS™ 8-BIT ANALOG-TO-DIGITAL PERIPHERALS 
WITH 5 ANALOG AND 6 DUAL-PURPOSE INPUTS 


D2819, NOVEMBER 1983—REVISED SEPTEMBER 1986 


@ LinCMOS™ Technology N PACKAGE 
(TOP VIEW) 
@ 8-Bit Resolution 
@ Total Unadjusted Error... +0.5 LSB Max REF [1 U2e[] REF + 11) 
GND [| ]2 27L| Vcc 
@ Ratiometric Conversion 2-1(mMSB) (]3 26] AO 
@ Access Plus Conversion Time: ~ ab - ie ANALOG 
TLC532A ...15 ws Max I/O at Tle soft. aa INPUTS 
TLC533A ...30 ws Max DATA _5 
BUS 2 a? : 9 | AB 
@ 3-State, Bidirectional I/O Data Bus om Ba 211] A10/D1 
27. he 20[ ] A11/D2 
@ 5 Analog and 6 Dual-Purpose Inputs 2-8 (LSB) fio 19f] A12/D3 ae 2 
@ On-Chip 12-Channel Analog Multiplexer READ/WRITE (R/W) []11_ 18] A13/D4 aca es 
, ; ; CLOCK (CLK) | }12. =: 17] A14/D5 
@ Three On-Chip 16-Bit Data Registers REGISTER SELECT (RS) [113 16f] A15/D6 o 
@ Software Compatible with Larger TL530 CHIP SELECT (CS) []14 1517] RESET (R) o 
and TL531 (21-Input Versions) om 
@ On-Chip Sample-and-Hold Circuit FN PACKAGE co 
@ Single 5-V Supply Operation saiaicigel s 
@ Low Power Consumption... 6.5 mW Typ oD < 
@ Improved Direct Replacements for Texas goss eines 
instruments TL532 and TL533, National fe ee ee 
Semiconductor ADCO829, and Motorola aH 
MC14442 53's 5 
description dies i: A3 
2-57 A4 
The TLC532A and TLC533A are monolithic >~Cils A5 
LinCMOS™ peripheral integrated circuits each JT 6 A10/D1 
designed to interface a microprocessor for 2-8 (LSB) [J 10 A11/D2 
analog data acquisition. These devices are R/W 111 A12/D3 
complete peripheral data acquisition systems on 131415 16 8 
a single chip and can convert analog signals to ~~ ao 
digital data from up to 11 external analog Fete ie ke 
terminals. Each device operates from a = i +O 
single 5-V supply and contains a 12-channel qq 
analog multiplexer, an 8-bit ratiometric analog- 
to-digital (A/D) converter, a sample-and-hold, FUNCTION TABLE 
three 16-bit registers, and microprocessor- 
compatible control circuitry. Additional features RW | RS| CS | R | CLK | agit: 
include a built-in self-test, six multipurpose xX | X Lt Reset 
(analog or digital) inputs, five external analog . Write bus data to control 
inputs, and an 8-pin input/output (I/O) data port. register 
The three on-chip data registers store the control Read data from analog 
data, the conversion results, and the input digital conversion register 
data that can be accesssed via the Read data from ditigal 
microprocessor data bus in two 8-bit bytes data register 
(most-significant byte first). In this manner, a No response 
microprocessor can access up to 11 external 
. ied : lee H = High-level, L = Low-level, X = Irrelevant 
analog Inputs or 6 digital signals and the positive + = High-to-low transition, t = Low-to-high transition 
reference voltage that may be used for self-test. ‘For proper operation, Reset must be low for at least three clock cycles. 
LinCMOS is a trademark of Texas Instruments Incorporated. 
PRODUCTION DATA documents contain information > Copyright © 1983, Texas Instruments Incorporated 
current as of publication date. Products conform to j, 
specifications per the terms of Texas Instruments TEXAS te 2-155 


standard ii Production processing does not 
necessarily include testing of all parameters. 


INSTRUMENTS 


POST OFFICE BOX 655012 * DALLAS, TEXAS 75265 


TLC532AM, TLC532Al, TLC533AM, TLC533Al 
LinCMOS™ 8-BIT ANALOG-TO-DIGITAL PERIPHERALS 
WITH 5 ANALOG AND 6 DUAL-PURPOSE INPUTS 


SERN ARES RAN EI te SELES STENT SI PDN ERIS ENP ES ULE LEE DEERE 18 SENET SED USES TIE BATE SIR LESTE RES TETRIS ATCA EPR WLE TE SEE Nt CR RD SE ENS TE RER ESE CAE 
description (continued) 


The A/D conversion uses the successive-approximation technique and switched-capacitor circuitry. This 
method eliminates the possibility of missing codes, nonmonotonicity, and a need for zero or full-scale 
adjustment. Any one of 11 analog inputs (or self-test) can be converted to an 8-bit digital word and stored 
within 10 ws (TLC532A) or 20 us (TLC533A) after instructions from the microprocessor are recognized. 
The on-chip sample-and-hold automatically minimizes errors due to noise on the analog inputs. Furthermore, 
differential high-impedance reference inputs are available to help isolate the analog circuitry from the logic 
and supply noises while easing ratiometric conversion and scaling. 


The TLC532AM and TLC533AM are available in both the N and FN plastic packages and are characterized 
for operation from —55°C to 125°C. The TLC532AI and TLC533AlI are characterized for operation from 
- 40°C to 85°C. 


2 


functional description 


The TLC532A and TLC533A provide direct interface to a microprocessor-based system. Control of the 
TLC532A and TLC533A is handled via the 8-line TTL-compatible 3-state data bus, the three control inputs 
(Read/Write, Register Select, and Chip Select), and the Clock input. Each device contains three 16-bit internal 
registers — the control register, the analog conversion data register, and the digital data register. 


A high level at the Read/Write input and a low level at the Chip Select input set the device to output data 
on the 8-line data bus for the processor to read. A low level at the Read/Write input and a low level at 
the Chip Select input set the device to receive instructions into the internal control register on the 8-line 
data bus from the processor. When the device is in the read mode and the Register Select input is low, 
the processor reads the data contained in the analog conversion data register. However, when the Register 
Select input is high, the processor reads the data contained in the digital data register. 


sjaaus e1eg 


The control register is a write-only register into which the microprocessor writes command instructions 
for the device to start A/D conversion and to select the analog channel to be converted. The analog 
conversion data register is a read-only register that contains the current converter status and most recent 
conversion results. The digital data register is also a read-only register that holds the digital input logic 
levels from the six dual-purpose inputs. 


Internally each device contains a byte pointer that selects the appropriate byte during two cycles of the 
Clock input in a normal 16-bit microprocessor instruction. The internal pointer automatically points to the 
most significant (MS) byte after the first complete clock cycle any time that the Chip Select is at the high 
level for at least one clock cycle. The device treats the next signal on the 8-line data bus as the MS byte. 
A low level at the Chip Select input activates the inputs and outputs and an internal function decoder. 
However, no data is transferred until the Clock goes high. The internal byte pointer first points to the MS 
byte of the selected register during the first clock cycle. After the first clock cycle in which the MS byte 
is accessed, the internal pointer switches to the LS byte and remains there for as long as Chip Select is 
low. The MS byte of any register may be accessed by either an 8-bit or a 16-bit microprocessor instruction; 
however, the LS byte may only be accessed by a 16-bit microprocessor instruction. 


Normally, a 2-byte word is written or read from the controlling processor, but a single byte can be read 
by the processor by manipulating the Chip Select input. This can be used to read conversion status from 
the analog conversion data register or the digital multipurpose input levels from the digital data register. 
The format and content of each 2-byte word is shown in Figures 1 through 3. 
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TLO532AM, TLC532Al, TLC533AM, TLC533Al 
LinCMOS™ 8-BIT ANALOG-TO-DIGITAL PERIPHERALS 
WITH 5 ANALOG AND 6 DUAL-PURPOSE INPUTS 


functional description (continued) 


A conversion cycle starts after a 2-byte instruction is written to the control register and the start conversion 
(SC) bit is a logic high. This 2-byte instruction also selects the input analog channel to be converted. The 
status (EOC) bit in the analog conversion data register is reset, and it remains reset until the conversion 
is complete, at which time the status bit is set again. After conversion, the results are loaded into the 
analog conversion data register. These results remain in the analog conversion data register until the next 
conversion cycle is complete. If anew conversion command is entered into the control register while the 
conversion cycle is in progress, the on-going conversion is aborted and a new channel acquisition cycle 
begins immediately. 


The Reset input allows the device to be externally forced to a known state. When a low level is applied 
to the Reset input for a minimum of three clock periods, the start conversion bit is cleared. The A/D converter 
is then idled and all the outputs are placed in the high-impedance off-state. However, the content of the 
analog conversion data register is not affected by the Reset input going to a low level. 


Z 


” 
Detailed information on interfacing to most popular microprocessors is readily available from the factory. oT 
® 
et on 
DATA BUS 8 VY) 
(2-8 — 2-1) 
oF 4°) 
R/W Seat 
ots DATA c 
cs BUS Q 
RS CONTROL 
a LOGIC 
R 8 
CLOCK 


ANALOG 


DIGITAL DATA CONTROL 


CONVERSION 
REGISTER REGISTER REGISTER 
(READ ONLY) (WRITE ONLY) (READ ONLY) 


ANALOG MUX 


ANALOG/DIGITAL ADDRESS 


INPUT 


6 
(A10/D1 — A15/D6) 
8-BIT 
AMPLE- 
EXTERNAL ANALOG 5 12-CHANNEL > vfs ANALOG-TO-DIGITAL 
INPUT MULTIPLEXER HGLD CONVERTER 
(AO, A2 — A5) (SWITCHED-CAPACITORS) 

REF+ 
REF-— 
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G97SZ SVX3L ‘SV1T1IVO » ZL0SS9 XO8 39DId4O 1S0d 


8GL-c 


SLINAWNUYULSN 


tip SVX4]_ 


sjeous eleg Be 


1 2 3 1 2 3 4 5 6 289 290 


CLOCK 


| | | | I ; : | 
START CONVERSION CYCLE ! Ss ! | 
i¢ l IF SC BIT IS LOGIC ONE (HIGH) l | | | | | 
| ! 

| | ; | { 
| 


| 
| 
! 
! 
| | : 
4WRITE cYcLE—pj¢|—_—_—_+>_—_+-_ + READ e¥CLe——--4.--—----__ ___ ,-____, ___» | 
} | ] WRITE 
| 
| 
| 
| 


DI 


| 
| 

| Pn 
| 7 SOMO UE,. my 
| ' | ' 


Z 
td > 
po oy 


| 
| 
| 
| 
| 
| 
| | 
| 
| > i¢-tsu (bus) (+ 
tsu(bus) - : | ten | Pt ten 1 > ten | HH i ten > tsu(bus)t 
! | t 
pet i | | ' ! \ | ch ie > ten = 28 Pe ie tou(bus) 
MS LS MS LS Ls LS LS | MS LS MS LS 
BYTE BYTE BYTE BYTE BYTE BYTE BYTE | | BYTE BYTE BYTE BYTE 


DATA HI-Z STATE Hi-Z STATE 


BUS Hi-Z HI-Z 
STATE STATE |STATEASTATEASTATEASTATE| STATE STATE |STATE| STATE |otare| STATE 
‘ , ‘ . SEE NOTE C t SEE NOTE C be ace NOTE ask ‘ , . J 
SEE NOTEA SEE NOTE B SEE NOTE D SEE NOTE F SEE NOTE 4 
NOTES: A. This is a 16-bit input instruction from the microprocessor being sent to the control data register. 

B. This is the 2-byte (16-bit) content of the digital data register being sent to the microprocessor. 

C. This is the LS byte (8-bit) content of the analog conversion data register being sent to the microprocessor. 

D. This is the LS byte (8-bit) content of the digital data register being sent to the microprocessor. 

E. These are MS byte (8-bit), LS byte (8-bit), and LS byte (8-bit) content of the analog conversion data register or digital data 

register being sent to the microprocessor. 
F. This is the 2-byte (16-bit) content of the analog conversion data register being sent to the microprocessor. 


souanbeas Huljeiaedo jeoidA} 


IWEEGIIL WVEESITL ‘IWZESOTL WYZESITL 


SLAdNI ASOddNd 1VNG 9 GNV SOIWNY S HLIM 
SIWH4FHdIddd IWLISIG-OL-SOTWNY LId-8 SOWDUT 


TLO532AM, TLC532Al, TLC533AM, TLC533Al 
LinCMOS™ 8-BIT ANALOG-TO-DIGITAL PERIPHERALS 
WITH 5 ANALOG AND 6 DUAL-PURPOSE INPUTS 


read or write cycle time sequence 


tr(cLK) >| fe >| fe tec) CLOCK =1 CLOCK #10 28 
1 2 3 

aps ohabepe Lf ame | tae fags a = : ba 
| | { | | | 
| ' | | | | 
R : | START END 
| oan ma 

(See Note A) tsu(A)—o4 le- ; CONVERSION CONVERSION 

CONTROL l | 


INPUTS 
R/W 
RS 


DATA BUS 
DATA OUT 
(“READ”) 


—>| |e tais >| | tais 
tsu(bus)—>| | —>| I tsu (bus) 
DATA BUS 


DATA IN 
(‘WRITE’) 


th(bus) > f¢— —| [* thibus) 
| 
| 
oa ace nant aetae oil 


NOTES: A. The reset pulse (R low) is required only during power-up. 
B. The most significant byte output of Data Out occurs when CLK is high. When CLK is low, Data Out is in the high-impedance 
(off) state. When CLK goes high again, the least significant byte is placed on the data bus. At this point, the least significant 

byte remains on the bus for as long as CLK is kept high. 
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TLC532AM, TLC532Al, TLC533AM, TLC533Al 
LinCMOS™ 8-BIT ANALOG-TO-DIGITAL PERIPHERALS 
WITH 5 ANALOG AND 6 DUAL-PURPOSE INPUTS 


DATA BUS 
Paleo os cao eS Acre ee oa es oo eee (ee Pee ee RE A EM he Re eee es Se ee 


MOST SIGNIFICANT BYTE 2 Yeeate easemer 1° LEAST SIGNIFICANT BYTE 


16-BIT WRITE 


Unused Bits (X) — The MS byte bits 2~ 1 through 2— 7 and Ls byte bits 2~ 1 through 2 — 4 of the control register are not used internally. 

Start Conversion (SC)— When the SC bit in the MS byte is set to a logical 1, and analog-to-digital conversion on the specified analog 
channel begins immediately after the completion of the control register write. 

Analog Multiplex Address (AO-A3)— These four address bits are decoded by the analog multiplexer and used to select the appropriate 
analog channel as shown below: 


2 Hexadecimal Address (A3 = MSB) Channel Select 
0 AO 

Oo 1 REF + (A1) 
® 2-5 A2-A5 
pe) 6-9 (not used) 
—) A-F A10-A15 
4 FIGURE 1. WORD FORMAT AND CONTENT FOR CONTROL REGISTER 2-BYTE WRITE 
4°) ‘ 
@ DATA BUS 

LINES 2 1 


Woe 25, a BB, a -  h, 9 'B 
R7 R6 R5 R4 R3 R2 R1 RO 

(MSB) (LSB) 

MOST SIGNIFICANT BYTE pe east SIGNIFICANT BYTE 


8 BIT READ 


Sar SEN SSS PSE SAVY SST TESST gma eae es Mae ENB, 


A/D Status (EOC)— The A/D status end-of-conversion (EOC) bit is set whenever an analog-to-digital conversion is successfully completed 
by the A/D converter. The status bit is cleared by a 16-bit write from the microprocessor to the control register. The remainder of the 
bits in the MS byte of the analog conversion data register are always reset to logical O to simplify microprocessor interrogation of the 
A/D converter status. 

A/D Result (RO-R7)— The LS byte of the analog conversion data register contains the result of the analog-to-digital conversion. Result 
bit R7 is the MSB and the converter follows the standard convention of assigning a code of all ones (11111111) to a full-scale analog 
voltage. There are no special overflow or underflow indications. 


FIGURE 2. WORD FORMAT AND CONTENT FOR ANALOG 
CONVERSION DATA REGISTER 1-BYTE AND 2-BYTE READ 


DATA BUS 
NES: 2-57 “2. otk ye Sis" Sere bee, So 8 


MOST SIGNIFICANT BYTE et Hatirare ary yt SIGNIFICANT BYTE 


8 BIT READ 


16 BIT READ 


Shared Digital Port (A10/D1-A15/D6)— The voltage present on these pins is interpreted as a digital signal, and the corresponding states 
are read from these bits. A digital value is given for each pin even if some or all of these pins are being used as analog inputs. 

Analog Multiplexer Address (AO-A3)— The address of the selected analog channel presently addressed is given by these bits. 

Unused Bits (X)— LS byte bits 2-3 through 2 —8 of the digital data register are not used. 


FIGURE 3. WORD FORMAT AND CONTENT FOR DIGITAL DATA REGISTER 1-BYTE AND 2-BYTE READ 
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TLO532AM, TLC532Al, TLC533AM, TLC533Al 
LinCMOS™ 8-BIT ANALOG-TO-DIGITAL PERIPHERALS 
WITH 5 ANALOG AND 6 DUAL-PURPOSE INPUTS 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


EY VONAGE. V. OG ASE ORe foi a dep tine <- Soe enna obo ev nel ea se pepe awed Se -—0.3 V to 6.5 V 
Input voltage range: Positive reference voltage..................000% VaAEF— to Voc + 0:3 Vv 
Negative fotorence voltage: |... oe ee el ees —0.3 V to VREF + 

Pal CUE nO Lt oe ig eit. Re dee pepe ees =0:3°V to Vcc + O138V 

IOOLSEL CUTVETIA, FE NOP AUDEN) | oo ek Sop etd: ac wep Sin be ee ee ed gees On th a eRe tas +10 mA 
Lee minDut CUIrert, tale MOUS): —o ae ok. es ae ve ae EO coe eR eS +20 mA 
Operating free-air temperature range: TLC532AM, TLC533AM .............. ~§5°C to 125" 
TAC SSP, - Tae ee a ana —40°C to 85°C 

Sterne temperature tange. 42. or 2 ae eee A ee ee a ps “65°C to 16036 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: N package............. 260°C 
Case: temperature for 10 seconds: PN mackage =! 2) oy SY 2 PA ee 260°C 


NOTE 1: All voltage values are with respect to network ground terminal. 


recommended operating conditions 


Supply voltage, Vcc 4.75 5 5.5 4.75 5 Fs) 


TLC532A TLC533A 
MIN NOM MAX MIN NOM MAX 


High-level input voltage, Vjy = co 
Clock frequency, fcLK 0 2 2.048 0.1 1.048 1.06 


3 
Be 
Bie eS 


30 


: | 

Clock 
m8 
m8 
Operating free-air “55 128 


NOTE 2: Analog input voltages greater than or equal to that applied to the REF + terminal convert to all ones (11111111), while input 
voltages equal to or less than that applied to the REF — terminal convert to all zeros (QOQOOOO000). For proper operation, the positive 
reference voltage, VReF +, must be at least 1 V greater than the negative reference voltage, Vag —. In addition, unadjusted 
errors may increase as the differential reference voltage, Vagf + — Vper_, falls below 4.75 V. 


temperature, Ta 
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TLC532AM, TLC532Al 
LinCMOS™ 8-BIT ANALOG-TO-DIGITAL PERIPHERALS 
WITH 5 ANALOG AND 6 DUAL-PURPOSE INPUTS 


electrical characteristics over recommended operating free-air temperature range, VREF+ = VCC, 
VREF— at ground, fcLK = 2 MHz (unless otherwise noted) 


PARAMETER TEST CONDITIONS MIN TYPT MAX | UNIT 
Von Higitievel output voltage lon su 46 mA 
VOL Low-level output voltage loL = 1.6 mA "oe Soa Ss ae 


High-level Any digital or Clock input 10 

NH ViH = 5.5 V nA 
input current Any control input 1 
Low-level Any digital or Clock input =10 

NL Vit = 0 pA 
input current Any control input =—1 

, Off-state (high-impedance state) Vo=Vcc aa aa AR et ce | 

Vv; = 


2 I Analog input current (see Note 3) Oto Vcc 
Leakage current between selected channel V; = Oto Vcc, 
: +400 nA 

0 and all other analog channels Clock input at O V 

Q) $ Digital pins 3 thru 10 4 30 

o> Cj Input capacitance pF 

Q) Any other input pin 2 15 

Vcc = VREF+ = 9-9 V, 
Icc +l Supply current plus reference current 1.5 a mA 
= COS REPS. oe e Outputs open 

® [icc Supply current Voc = 5.5V 

@ 

D NOTE 3: Analog input current is an average of the current flowing into a selected analog channel input during one full conversion cycle. 
operating characteristics over recommended operating free-air temperature range, VREF+ = VCC. 
VREF — at ground, fCLK = 2 MHz (unless otherwise noted) 

PARAMETER TEST CONDITIONS MIN TYP' MAX UNIT 
Linearity error (eee Note 4) 
Zero error (see Note 5) 
Full-scale error (see Note 5) 
Total unadjusted error (see Note 6) 
Absolute accuracy error (see Note 7) 
tcony Conversion time (including channel acquisition time) 
tacq Channel acquisition time prior to starting conversion 
ten Data output enable time (see Note 8) Ci. = 50 pF, Ry = 3 kQ, 
tdis Data output disable time C_ = 50 pF, Rp = 3k 
? Data bus output High impedance to high level 
rbus) rise time Low-to-high level 
. Data bus output High impedance to low level 
bus} fall time High-to-low level 
tT Typical values are at Vcc = 5 V, Ta = 25°C. 
NOTES: 4. Linearity error is the deviation from the best straight line through the A/D transfer characteristics. 
5. Zero error is the difference between 00000000 and the converted output for zero input voltage; full-scale error is the difference 
between 11111111 and the converted output for full-scale input voltage. 
6. Total unadjusted error is the sum of linearity, zero, and full-scale errors. 
7. Absolute accuracy error is the maximum difference between an analog value and the nominal midstep value within any step. 
This includes all errors including inherent quantization error, which is the +0.5 LSB uncertainty caused by the A/D converters’ 
finite resolution. 
8. If chip-select setup time, tgy(Cs), is less than 0.14 us, the effective data output enable time, ten, may extend such that 
tsu(CS) + ten is equal to a maximum of 0.475 us. 
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TLC533AM, TLC533Al 
LinCMOS™ 8-BIT ANALOG-TO-DIGITAL PERIPHERALS 
WITH 5 ANALOG AND 6 DUAL-PURPOSE INPUTS 


electrical characteristics over recommended ranges VCC, VREF +, and operating free-air temperature, 
VREF— at ground, fCLK = 1.048 MHz (unless otherwise noted) 


PARAMETER TEST CONDITIONS 
VOH High-level output voltage IOH —1.6 mA 
VOL Low-level output voltage lol = 1.6 mA 


High-level Any digital or Clock input 
NH ; ViH = 5.5 V 
input current Any control input 
Low-level Any digital or Clock input 
NL Vit = O 
) eee: V¥O2VEC 
OZ Off-state (high-impedance state) output current 
O — 
i i 
| — 


NO 


Analog input current (see Note 3) 0 to Vcc 


Leakage current between selected channel Vv 0 to Vcc, 400 A 
ze n 
and all other analog channels Clock input at O V 
V =V = §.5 V, 
lcc+!rReF+ Supply current plus reference current ¥ jie 1.3 3 mA 
Outputs open 


Y) 
Digital pins 3 thru 10 4 30 mn 
Cj Input capacitance 2 - pF ® 
B oe 
YW) 
icc Supply current Vec = 5.5 V 5 
4°) 
NOTE 3: Analog input current is an average of the current flowing into a selected analog channel input during one full conversion cycle. Q 
operating characteristics over recommended ranges VCC, VREF +, and operating free-air temperature, 
VREF— at ground, felock = 1.048 MHz (unless otherwise noted) 
PARAMETER TEST CONDITIONS MIN TyYPt 
Total unadjusted error (see Note 6) a ere ae 
Absolute accuracy error (see Note 7) Saas Sos 
tcony Conversion time (including channel acquisition time) en eee 
tacq Channel acquisition time prior to starting conversion fee tee 
ten Data output enable time (see Note 8) Cy = 50 pF, Rt = ; 
tdis Data output disable time 
: Data bus output High impedance to high level 
(DUS) Tise time Low-to-high level 
: Data bus output High impedance to low level 
f(bus) fail time High-to-low level 
T Typical values are at Vcc = 5 V, Ta = 25°C. 
NOTES: 4. Linearity error is the deviation from the best straight line through the A/D transfer characteristics. 
5. Zero error is the difference between OO000000 and the converted output for zero input voltage; full-scale error is the difference 
between 11111111 and the converted output for full-scale input voltage. 
6. Total unadjusted error is the sum of linearity, zero, and full-scale errors. 
7. Absolute accuracy error is the maximum difference between an analog value and the nominal midstep value within any step. 
This includes all errors including inherent quantization error, which is the +0.5 LSB uncertainty caused by the A/D converters’ 
finite resolution. 
8. If chip-select setup time, tgy(cs), is less than 0.14 us, the effective data output enable time, ten, may extend such that 
tsu(CS) + ten is equal to a maximum of 0.475 us. 
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TLC540M, TLC5401, TLC541M, TLC5411 
LinCMOS™ 8-BIT ANALOG-TO-DIGITAL PERIPHERALS 
WITH SERIAL CONTROL AND 11 INPUTS 


D2799, OCTOBER 1983—REVISED OCTOBER 1988 


LinCMOS™ Technology DW OR N PACKAGE 
(TOP VIEW) 
@ §8-Bit Resolution A/D Converter 
INPUT AO [J1 \/20[] Vcc 
@ Microprocessor Peripheral or Stand-Alone INPUT A1 []2 191] SYSTEM CLOCK 
Operation INPUT A2[]3 —_18[] 1/0 CLOCK 
On-Chip 12-Channel Analog Multiplexer INPUT A3 L}4 '7|] ADDRESS INPUT 
INPUT A4 (5 16] DATA OUT 
Built-In Self-Test Mode INPUT A5 [ |6 151] CS 


INPUT A6 []7 147 | REF + 
INPUT A7 []8 13] }] REF — 
Total Unadjusted Error... +0.5 LSB Max INPUT Ag []9 121] INPUT A10 


GND L]10 ~—-:111_] INPUT AQ 


Software-Controllable Sample and Hold 


TLC541 is Direct Replacement for Motorola 
MC145040 and National Semiconductor 


ADC0811. TLC540 is Capable of Higher sok apna ale Ei iee ga ¥ 
Speed (TOP VIEW) ® 
@ Pinout and Control Signals Compatible with S a on 
TLC1540 Family of 10-Bit A/D Converters a Y 
Lag S s 
FEE 
BBE gb a 
Channel Acquisition Sample Time oe ee 
Conversion Time Se 9 oe | eR ae 
Samples per Second 75 x 103} 40 x 103 eines 
fect Dicsipatidn INPUT A3 [J 4 1/0 CLOCK 
INPUT A4[]5 17{[}| DATA IN 
description INPUT A5 []6 [] DATA OUT 
INPUT A6 [] 7 15{] CS 
The TLC540 and TLC541 are LinCMOS™ A/D INPUT A7 []8 14[] REF + 
peripherals built around an 8-bit switched- 9 1112 
Capacitor successive-approximation A/D on Venn Vom Fone 
converter. They are designed for serial interface e 2 es ‘x 
to a microprocessor or peripheral via a three- fa O pre, 
state output with up to four control inputs ie i 
[including independent System Clock, I/O Clock, = S Z 
Chip Select (CS), and Address Input]. A 
4-MHz system clock for the TLC540 and a 
2.1-MHz system clock for the TLC541 with a 
design that includes simultaneous read/write 
operation allow high-speed data 
transfers and sample rates of up to 75,180 samples per second for the TLC540 and 40,000 samples per 
second for the TLC541. In addition to the high-speed converter and versatile control logic, there is an on- 
chip 12-channel analog multiplexer that can be used to sample any one of 11 inputs or an internal ‘‘self- 
test’’ voltage, and a sample-and-hold that can operate automatically or under microprocessor control. 
Detailed information on interfacing to most popular microprocessors is readily available from the factory. 
The converters incorporated in the TLC540 and TLC541 feature differential high-impedance reference inputs 
that facilitate ratiometric conversion, scaling, and analog circuitry isolation from logic and supply noises. 
A switched-capacitor design allows low-error (+0.5 LSB) conversion in 9 us for the TLC540 and 17 us 
for the TLC541 over the full operating temperature range. 
The M-suffix versions are characterized for operation from —55°C to 125°C. The I-suffix versions are 
characterized for operation from —40°C to 85°C. 
LinCMOS is a trademark of Texas Instruments Incorporated 
PRODUCTION DATA documents contain information - Copyright © 1983, Texas Instruments Incorporated 
current as of publication date. Products conform to 4 
specifications per the terms of Texas Instruments TEXAS 2-1 65 


standard ahem 5 Production processing does not 


necessarily include testing of all parameters. INSTRUMENTS 
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TLCO540M, TLC5401, TLC541M, TLC5411 
LinCMOS™ 8-BIT ANALOG-TO-DIGITAL PERIPHERALS 
WITH SERIAL CONTROL AND 11 INPUTS 


functional block diagram 


REF+ REF— 


8-BIT 


SAMPLE ANALOG-TO-DIGITAL 
AND CONVERTER 
HOLD (SWITCHED-CAPACITORS) 


12-CHANNEL 
ANALOG 
MULTIPLEXER 


ANALOG 
INPUTS 


DATA 


INPUT OUTPUT 


ADDRESS 
REGISTER 


SELF-TEST 


REFERENCE 


ADDRESS INPUT 
INPUT MULTIPLEXER 


COUNTERS 


s}a0us e1eqd BS) 


OUTPUT 8 8-TO-1 DATA 
DATA SELECTOR AND 
REGISTER DRIVER 
CONTROL LOGIC 
AND 1/O 


SYSTEM 
CLOCK 


operating sequence 


lt | 2]}3l4[s|e6|7 | ba eos tee Te dedian [se 


8 
0 DON'T {CARE OP a 8 60 eS 
CLOCK —¥ >, ACCESS > | SAMPLE 
| 


! ' | | 1 
1@— ACCESS—py  ;q—— SAMPLE ___yig tony Dae —— er 
CYCLEC | 


cs YS ORCEE S20 CYCLE B | (See Note A) | CYCLEC "| 
’ (See Note C) wH(cs)———> 
MSB LSB MSB LSB 


ADDRESS DON'T CARE DON'T CARE 
smite a). 9.00), C) gaara Aa aE PE KERR EK ED) 
INPUT 


1-2 
HI-Z STATE & 


Wout IKEA EKAIK ANY KEKE EKE KKK e 


@— PREVIOUS CONVERSION DATA A —» + CONVERSION DATA B ———-———_> 
MSB LSB MSB MSB LSB MSB 
(See Note B) 


NOTES: A. The conversion cycle, which requires 36 System Clock periods, is initiated on the 8th falling edge of the I/O Clock after CS 
goes low for the channel whose address exists in memory at that time. If CS is kept low during conversion, the I/O Clock 
must remain low for at least 36 System Clock cycles to allow conversion to be completed. 

B. The most significant bit (MSB) will automatically be placed on the DATA OUT bus after CS is brought low. The remaining 
seven bits (A6-AO) will be clocked out on the first seven I/O Clock falling edges. 

C. To minimize errors caused by noise at the CS input, the internal circuitry waits for three System Clock cycles (or less) after 
a chip select falling edge is detected before responding to control input signals. Therefore, no attempt should be made to 
clock-in address data until the minimum chip-select setup time has elapsed. 
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| TLC540M, TLC540!1, TLC541M, TLC5411 
LinCMOS™ 8-BIT ANALOG-TO-DIGITAL PERIPHERALS 
WITH SERIAL CONTROL AND 11 INPUTS 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Sub Vokage. Vio (see Mateo} (ON Ta Se Watiten Copa AL OIF No 8 ee ee 6.5 V 
inpuiemevtage range (any input)... ses 3 wy ib kt eo EAE AREA TS. —-2.3)ViteVvVcc-+ oa y¥ 
Deteut- voltage *aneie <>. seo ys Ces ee ES SS —0-3:V-to- Voc + OFy 
Peme snout current eange (any mpithes sso eta. oy eee oe eae ee eer Sel +10 mA 
Peak-total-input current (all-inputs)+s-2 ncaa er es Sec et se ee +30 mA 
Operating free-air temperature range: TLC540I, TLC541!1..............0.00... —40°C to'S52C 

pEeeeUnl. FECSATM. 5 weak oe ee = Bo °C to eats 
Stonmsoe-tomperature: range 0 ore eee Faw A re ees ees —66°C- to t50°C 
Gase-temperature for 10 seconds:—FN -packagei «eo re cc ee ee ee Pe ras 260°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: DW or N package....... 260°C 


NOTE 1: All voltage values are with respect to digital ground with REF-— and GND wired together (unless otherwise noted). 


recommended operating conditions 


Supply voltage, Vcc 4.75 5 5.5 4.75 5 5.5 
Positive reference voltage, Vagf 4 (see Note 2) 2.5 Vcc Vcec+0.1 2.5 Vcc Vcc+0.1 
Negative reference voltage, Vafr_— (see Note 2) 5 ; : 


Differential reference voltage, 


TLC540 TLC541 
[min nom wax [win nom max | OT 


Vref+ — Vref— (see Note 2) 


Analog input voltage (see Note 2) 


- 2 
Low-level control input voltage, Vj, 0.8 0.8 
Setup time, address bits at data input 
200 400 ns 
before 1/O CLKT, tsu(A) 

Hold time, addrass bite after /O CLKT, tha eee ee : 


Setup time, CS low before clocking in first 


address bit, tsy(cs) (see Note 3) 


CS high during conversion, twH(Cs) 


Input/Output clock frequency, fcLK(|/O) 
System clock frequency, fcLK(SYS) 


System clock high, twH(SYS) 


System clock low, twL(SyYs) 


Input/Output clock high, twH(I/O) 
Input/Output clock low, twt(1/O) 200 404 


System ns 
1/0 ns 

Operating free-air TLC540M, TLC541M —55 125 —~55 125 ie 

temperature, Ta TLC540i, TLC5411 —40 85 -40 85 


NOTES: 2. Analog input voltages greater than that applied to REF + convert as all ‘'1’’s (11111111), while input voltages less than that 
applied to REF — convert as all ‘‘0’’s (QOQOOOOO0). For proper operation, REF + voltage must be at least 1 V higher than REF — 
voltage. Also, the total unadjusted error may increase as this differential reference voltage falls below 4.75 V. 

3. To minimize errors caused by noise at the chip select input, the internal circuitry waits for three System Clock cycles (or less) 
after a chip select falling edge is detected before responding to control input signals. Therefore, no attempt should be made 
to clock-in an address until the minimum chip select setup time has elapsed. 

4. This is the time required for the clock input signal to fall from VjH min to Vij_ max or to rise from Vj, max to Viy min. In 
the vicinity of normal room temperature, the devices function with input clock transition time as slow as 2 us for remote data 
acquisition applications where the sensor and the A/D converter are placed several feet away from the controlling microprocessor. 


Clock transition time 
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TLC540M, TLC5401, TLC541M, TLC5411 
LinCMOS™ 8-BIT ANALOG-TO-DIGITAL PERIPHERALS 
WITH SERIAL CONTROL AND 11 INPUTS 


electrical characteristics over recommended operating temperature range, 
Vcc = VREF+ = 4.75 V to 5.5 V (unless otherwise noted), fCLK(I/O) = 2-048 MHz for 
TLC540 or fCLK(I/O) = 1.1 MHz for TLC541 


PARAMETER TEST CONDITIONS MIN Typt MAX | UNIT 


V High-level output voltage (pin 16) Voc = 4.75 V, loH = 360 pA 
V Low-level output voltage Vcc = 4.75 V, lol = 1.6 mA 
| 


OH 
OL : ts 
Off-state (high-impedance state) Vo = Vcc. CS at Vcc 
es ame 
IL Low- 


V 


Selected channel at Vcc, 


Unselected channel at O V 
Selected channel leakage current 
Selected channel at O V, 

Unselected channel at Vcc 


lcc + IREF Supply and reference current = Vcc. CS atOV 


Analog inputs 
Cj Input Capacitance 
Control inputs 


TAIl typical values are at Ta = 25°C. 


s199uS eleg B®) 


4 
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TLC540M, TLC5401, TLC541M, TLC5411 
LinCMOS™ 8-BIT ANALOG-TO-DIGITAL PERIPHERALS 
WITH SERIAL CONTROL AND 11 INPUTS 


operating characteristics over recommended operating free-air temperature range, 
Vcc = VREF+ = 4.75 V to 5.5 V, fCLK(I/O) = 2.048 MHz for TLC540 or 1.1 MHz for TLC541, 
fCLK(SYS) = 4 MHz for TLC540 or 2.1 MHz for TLC541. 


TLC540 TLC541 
PARAMETER TEST CONDITIONS U 
MIN TY¥P X MIN TYP MAX 


MA 
+: 


i 5 
See Notes 2 and 6 ; 
Full-scale error See Notes 2 and 6 (SB 
Input A11 address = 1011 01111101 10000011} 01111101 10000011 
Self-test output code 
(See Note 8) (125) (13T) }. (125) (131) 
See Operating Sequence | —SSS—~<“~S~sSSC“‘“CSNCOCOC#‘(#(#?]:*«L~C ws 


Total access and ; 
See Operating Sequence 
conversion time 


Y 
~ 
Channel acquisition time ® 
tacq See Operating Sequence ® 
(sample cycle) c= 
Time output data Y 
emains valid afte © 
r ins vali r Fd 
\/O clock! 4°) 
Delay time, 1/0 clock! aa) 
d to data output valid 
See Parameter 
ten Output enable time 
; Measurement 
tdis Output disable time 
- Information 
tribus) Data bus rise time 
tf(bus) Data bus fall time 
NOTES: 2. Analog input voltages greater than that applied to REF + convert to all ‘‘1’’s (11111111), while input voltages less than that 
applied to REF — convert to all ‘‘0’’s (QOOOOO00). For proper operation, REF + voltage must be at least 1 V higher than REF — 
voltage. Also, the total unadjusted error may increase as this differential reference voltage falls below 4.75 V. 
5. Linearity error is the maximum deviation from the best straight line through the A/D transfer characteristics. 
6. Zero error is the difference between 00000000 and the converted output for zero input voltage; full-scale error is the difference 
between 11111111 and the converted output for full-scale input voltage. 
7. Total unadjusted error is the sum of linearity, zero, and full-scale errors. 
8. Both the input address and the output codes are expressed in positive logic. 
Texas WW 
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TLO540M, TLC5401, TLC541M, TLC5411 
LinCMOS™ 8-BIT ANALOG-TO-DIGITAL PERIPHERALS 
WITH SERIAL CONTROL AND 11 INPUTS 


PARAMETER MEASUREMENT INFORMATION 


1.4V 
Voce 
3kQ 
3kQ 
OUTPUT TEST OUTPUT Shae GOUT OUTPUT sre Ea 
UNDER TEST POINT | UNDER TEST UNDER TEST 
re 3kQ Cc 
CL L L 
(SEE NOTE A) “| ~ (SEE NoTE A) [> 1 (SEE NOTE A) ody 
‘i (SEE NOTE B) (SEE NOTE B) 
LOAD CIRCUIT FOR LOAD CIRCUIT FOR LOAD CIRCUIT FOR 
tq, tr, AND tg tp7H AND tpyz tpz_ AND tp, z 


sjaaus eleg BS 


| 
| 

SYSTEM | 

CLOCK | | | | | | | | | | 
| 


OUTPUT 
WAVEFORM 1 
(SEE NOTE C) 


Vcc 


(SEE NOTE B) 


—>| tpP2He— —>| tpHz ee 
| 


OUTPUT 
WAVEFORM 2 
(SEE NOTE C) 


VOLTAGE WAVEFORMS FOR ENABLE AND DISABLE TIMES 


1/0 
CLOCK 
OUTPUT 


DATA 
OUTPUT 


VOLTAGE WAVEFORM FOR DELAY TIME VOLTAGE WAVEFORM FOR 
RISE AND FALL TIMES 


NOTES: A. Cy = 50 pF for TLC540 and 100 pF for TLC541. 


B. ten = tPZH OF tpZL. tdis = tPHZ OF tPLZ- 
C. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 


4 
2-170 TEXAS 
INSTRUMENTS 


POST OFFICE BOX 655012 © DALLAS, TEXAS 75265 


_ TLC540M, TLE5401, TLC541M, TLC5411 
LinCMOS™ 8-BIT ANALOG-TO-DIGITAL PERIPHERALS 
WITH SERIAL CONTROL AND 11 INPUTS 


principles of operation 


The TLC540 and TLC541 are each complete data acquisition systems on a single chip. They include such 
functions as analog multiplexer, sample-and-hold, 8-bit A/D converter, data and control registers, and control 
logic. For flexibility and access speed, there are four control inputs [two clocks, chip select (CS), and 
address]. These control inputs and a TTL-compatible 3-state output are intended for serial communications 
with a microprocessor or microcomputer. With judicious interface timing, with TLC540 a conversion can 
be completed in 9 ns, while complete input-conversion-output cycles can be repeated every 13 ps. With 
TLC541 a conversion can be completed in 17 us, while complete input-conversion-output cycles are repeated 
every 25 us. Furthermore, this fast conversion can be executed on any of 11 inputs or its built-in ‘‘self- 
test,’ and in any order desired by the controlling processor. 


The System and I/O Clocks are normally used independently and do not require any special speed or phase 
relationships between them. This independence simplifies the hardware and software control tasks for 
the device. Once a clock signal within the specification range is applied to the System Clock input, the 
control hardware and software need only be concerned with addressing the desired analog channel, reading 
the previous conversion result, and starting the conversion by using the !/O Clock. The System Clock will 
drive the ‘‘conversion crunching”’ circuitry so that the control hardware and software need not be concerned 
with this task. 


When CS is high, the Data Output pin is in a three-state condition and the Address Input and I/O Clock 
pins are disabled. This feature allows each of these pins, with the exception of the CS pin, to share a 
control logic point with their counterpart pins on additional A/D devices when additional TLC540/541 devices 
are used. In this way, the above feature serves to minimize the required control logic pins when using 
multiple A/D devices. 


Data Sheets 


The control sequence has been designed to minimize the time and effort required to initiate conversion 
and obtain the conversion result. A normal control sequence is: 


1. CS is brought low. To minimize errors caused by noise at the CS input, the internal circuitry waits 
for two rising edges and then a falling edge of the System Clock after a low CS transition, before 
the low transition is recognized. This technique is used to protect the device against noise when 
the device is used in a noisy environment. The MSB of the previous conversion result will 
automatically appear on the Data Out pin. 

2. Anew positive-logic multiplexer address is shifted in on the first four rising edges of the I/O Clock. 
The MSB of the address is shifted in first. The negative edges of these four I/O clock pulses shift 
out the second, third, fourth, and fifth most significant bits of the previous conversion result. The 
on-chip sample-and-hold begins sampling the newly addressed analog input after the fourth falling 
edge. The sampling operation basically involves the charging of internal capacitors to the level 
of the analog input voltage. 

3. Three clock cycles are then applied to the I/O pin and the sixth, seventh, and eighth conversion 
bits are shifted out on the negative edges of these clock cycles. 

4. The final eighth clock cycle is applied to the I/O Clock pin. The falling edge of this clock cycle 
completes the analog sampling process and initiates the hold function. Conversion is then performed 
during the next 36 System Clock cycles. After this final |/O Clock cycle, CS must go high or the 
1/O Clock must remain low for at least 36 System Clock cycles to allow for the conversion function. 


CS can be kept low during periods of multiple conversion. When keeping CS low during periods of multiple 
conversion, special care must be exercised to prevent noise glitches on the I/O Clock line. If glitches occur 
on the |/O Clock line, the |1/O sequence between the microprocessor/controller and the device will lose 
synchronization. Also, if CS is taken high, it must remain high until the end of the conversion. Otherwise, 
a valid falling edge of CS will cause a reset condition, which will abort the conversion in progress. 


A new conversion may be started and the ongoing conversion simultaneously aborted by performing steps 
1 through 4 before the 36 System Clock cycles occur. Such action will yield the conversion result of the 
previous conversion and not the ongoing conversion. 
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principles of operation (continued) 


It is possible to connect the System and |/O Clock pins together in special situations in which controlling 
circuitry points must be minimized. In this case, the following special points must be considered in addition 
to the requirements of the normal control sequence previously described. 


1. When CS is recognized by the device to be at a low level, the common clock signal is used as 
an 1/O Clock. When CS is recognized by the device to be at a high level, the common clock signal 
is used to drive the ‘‘conversion crunching’ circuitry. 

2. The device will recognize a CS low transition only when the CS input changes and subsequently the 
System Clock pin receives two positive edges and then a negative edge. For this reason, after 
a CS negative edge, the first two clock cycles will not shift in the address because a low CS must 
be recognized before the I/O Clock can shift in an analog channel address. Also, upon shifting in 
the address, CS must be raised after the sixth I/O Clock pulse that has been recognized by the 
device, so that a CS low level will be recognized upon the lowering of the eighth I/O Clock signal 
that is recognized by the device. Otherwise, additional common clock cycles will be recognized 
as 1/O Clock pulses and will shift in an erroneous address. 


For certain applications, such as strobing applications, it is necessary to start conversion at a specific point 
in time. This device will accommodate these applications. Although the on-chip sample-and-hold begins 
sampling upon the negative edge of the fourth I/O Clock cycle, the hold function is not initiated until the 
negative edge of the eighth I/O Clock cycle. Thus, the control circuitry can leave the !/O Clock signal in 
its high state during the eighth I/O Clock cycle until the moment at which the analog signal must be 
converted. The TLC540/TLC541 will continue sampling the analog input until the eighth falling edge of 
the 1/O Clock. The control circuitry or software will then immediately lower the !/O Clock signal and hold 
the analog signal at the desired point in time and start conversion. 


s}90Us e1egq Bh. 


Detailed information on interfacing to most popular microprocessors is readily available from the factory. 
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D2850, DECEMBER 1985—REVISED SEPTEMBER 1988 


LinCMOS™ Technology N DUAL-IN-LINE PACKAGE 


: _ (TOP VIEW) 
8-Bit Resolution A/D Converter 


INPUT AO[]1 281] Vec 
INPUT A1 []2 27|_] SYSTEM CLOCK 
INPUT A2L]3 ——-26|_J 1/0 CLOCK 
On-Chip 20-Channel Analog Multiplexer INPUT A3 [4 25| | ADDRESS INPUT 

; INPUT A4([]5  ~—- 24[_] DATA OUT 
Built-In Self-Test Mode INPUT A5 (16 oat] CS 
Software-Controllable Sample and Hold INPUT A6 [_]7 22| | REF + 

: INPUT A7 []8 21|_} REF — 

Total Unadjusted Error... +0.5 LSB Max INPUT A8 [19 201] INPUT A18 
Timing and Control Signals Compatible with INPUT AQ9[}10 ~=19] ] INPUT A17 
8-Bit TLC540 and 10-Bit TLC1540 A/D INPUT A10[]11. 187 ] INPUT A16 
Converter Families INPUT A11 [12 =17f ] INPUT A15 


INPUT A12[]13. 16, ] INPUT A14 
TYPICAL PERFORMANCE 


GND[]14 15, ] INPUT A13 
Channel Acquisition Time Ss 2.7 us 


9 us 17 us 
76 x 103 40 x 103 
6 mW 6 mW 


Microprocessor Peripheral or Stand-Alone 
Operation 


Conversion Time 
FN CHIP CARRIER PACKAGE 


Sampling Rate 
(TOP VIEW) 


Power Dissipation 


Data Sheets By 


description 


The TLC545 and TLC546 are LinCMOS™ A/D 
peripherals built around an 8-bit switched- 
Capacitor successive-approximation A/D 
converter. They are designed for serial interface 
to a microprocessor or peripheral via a 3-state 
output with up to four control inputs [including INPUT A4 [j5 25{| ADDRESS INPUT 
independent System Clock, I/O Clock, Chip INPUT AS [J6 24[| DATA OUT 
Select (CS), and Address Input]. A 4-MHz INPUT A6 |j7 23 CS 

system clock for the TLC545 and a 2.1-MHz INPUT A7 {J8 22{| REF + 

system clock for the TLC546 with a design that INPUT A8 [J9 21(] REF — 

includes simultaneous read/write operation INPUT AQ }J10 20U] INPUT A18 
allowing high-speed data transfers and sample INPUT A10 })11 "SU INPUT A17 
rates of up to 76,923 samples per second for the 
TLC545, and 40,000 samples per second for the 
TLC546. In addition to the high-speed converter 
and versatile control logic, there is an on-chip 
20-channel analog multiplexer that can be used 
to sample any one of 19 inputs or an internal 
‘“self-test’’ voltage, and a sample-and-hold that 
can operate automatically or under 
microprocessor control. 


1/0 CLOCK 


[1 SYSTEM CLOCK 


af] INPUT A3 
wo] INPUT A2 
nf] INPUT A1 
~[] INPUT AO 


nN) 
@ 
N 
~w 
N 
122) 


N 
WwW 
.= 
on 
(o>) 
~ 
co 


INPUT A11 ff 
INPUT A12 f} 
INPUT A13 f] 
INPUT A14 F} 
INPUT A15 [] 
INPUT A16 [] 


The converters incorporated in the TLC545 and 
TLC546 feature differential high-impedance 
reference inputs that facilitate ratiometric 
conversion, scaling, and analog circuitry isolation 
from logic and supply noises. A totally switched- 
capacitor design allows low-error (+0.5 LSB) 


LinCMOS is a trademark of Texas Instruments Incorporated 


PRODUCTION DATA documents contain information Copyright © 1985, Texas Instruments Incorporated 


current as of publication date. Products conform to i 
specifications per the terms of Texas Instruments TEXAS 
standard warranty. Production processing does not 


necessarily include testing of all parameters. INSTRUM ENTS 
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conversion in 9 us for the TLC545, and 17 us for the TLC546, over the full operating temperature range. 
Detailed information on interfacing to most popular microprocessors is readily available from the factory. 


The TLC545M and the TLC546M are characterized for operation from —55°C to 125°C. The TLC545| 
and the TLC546l are characterized for operation from — 40°C to 85°C. The TLC545C and the TLC546C 
are characterized for operation from O°C to 70°C. 


functional block diagram 


REF+ REF-— 


8-BIT 
ANALOG-TO-DIGITAL 


INPUT 


OUTPUT 
DATA 
REGISTER 
ADDRESS 
REGISTER 
5 
SELF-TEST CONTROL LOGIC 
REFERENCE AND 1/O 
COUNTERS 
ADDRESS INPUT 
INPUT MULTIPLEXER 
e 


SYSTEM 
CLOCK 


SAMPLE 
. ne Bik i 
ep SWITCHED-CAPACITO 
© 
= ANALOG 20-CHANNEL 
INPUTS ANALOG 
~” MULTIPLEXER 
TO-1 DATA 
= 8-TO DATA 
= SELECTOR AND 
OUTPUT 
© DRIVER 
ror 
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operating sequence 


(i OP ed RW wr Fa at SS hay ALE Pateic2: | 34 af sabe arate 
VO picobr des |= Jeb Sigh dee tele steele DON'T / CARE 
CLOCK —¥ ae: : , | 
@— ACCESS——>,  @—SAMPLE—Ort—— tconv ——_ @——— ACCESS —- SAMPLE— 
és ; CYCLE B ' ' cycreB  ! (See Note A) | CYCLE C (ote SGYOLE. Gf 
wH(Cs) PL + —____ 
(See Note C) 
MSB LSB MSB LSB DON'T 
ADDRESS DON’T CARE CARE 
sept-Caa X Ba 2 Bt BO jeer hh ca cay C2 Kei Koa ye 
INPUT 
HI-Z STATE lb 
pout IK ATK AEM ASK ASK ASK AZ KAT AO Ky (a7 X a6 X85 X84 X a3 X82 81X80 XY 
OUT 
A7S B7 
4@— PREVIOUS CONVERSION DATA A —® 4+———_——. CONVERSION DATA B ————_» 
MSB LSB MSB MSB LSB MSB 
(See Note B) 


NOTES: A. The conversion cycle, which requires 36 system clock periods, is initiated with the 8th I/O clock! after CS! for the channel 
whose address exists in memory at that time. ria 
B. The most significant bit (MSB) will automatically be placed on the DATA OUT bus after CS is brought low. The remaining 
seven bits (A6-AOQ) will be clocked out on the first seven I/O clock falling edges. 
C. To minimize errors caused by noise at the CS input, the internal circuitry waits for three system clock cycles (or less) after 
a chip select transition before responding to control input signals. Therefore, no attempt should be made to clock-in address 
data until the minimum chip-select setup time has elapsed. 


7) 
ed 
® 
® 
A ss 
op) 
14°) 
end 
4°) 
a) 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Sunply-vottage: “VCO eee Note -1)-- rere ee te ens OR ep ee ae ee ee 6.5.¥ 
Input voltage-fangeieny inneth =~ Or ee ee ee ise. ~O:3'V to Vcc +0.3.¥ 
Outnct voltanerenee cicero ee Sree a ee Le ees -0.3.V to Vcc +0.3 V 
Peak input current range tam y inoue) 5s a. ei er es Ot eee Sew ON ra ek +10 mA 
Pea total mputicurrent: (an Neues) a ose Pe ce ec es ore er ri vy BRN eo +30 mA 
Operating free-air temperature range: TLC545M, TLC546M................. - 55°C to 125°C 

TG Ts OF iis hivimnrecc sts bv en cca — 40°C to 85°C 

TROSGeC Te COAG G 4 as se ere eres 0°C to-702C 
Storaaestemnetature sande (5 641.2". Vieve havea eh ct ew Onl ord is S.ewantiou -65°C:to 190°C 
Case temperate ror toeseconds:'FNepaemaces 0 ee ees Oe RE RS 260°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: N package ............ 266°C 


NOTE 1: All voltage values are with respect to network ground terminal. 
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recommended operating conditions 


Positive reference voltage, Vref + (see Note 3) 6) Vec Vccto.1 ) 


Negative reference voltage, Vref — (see Note 2) -0.1 0 Vcc -0.1 
Differential reference voltage, Vref+ — Vref— (see Note 2) 6) Vec Vcct0.2 6) 


High-level control input voltage, Vjy 

Low-level control input voltage, Vi, 

Setup time, address bits at data input before I/O CLKT, tsyia 
Address hold time, th 


Setup time, CS low before clocking in first 
address bit, tsy(cs) (see Note 3) 


Chip select high during conversion, twH(CS) 


Input/Output clock frequency, fcLK(I/O 
System clock frequency, fcLK(SYS 


0 
o 
o> 
© 
2) 
x 
© 
@ 
o> 
n 


System clock high, twH(SYS 
System clock low, twLiSYS 
Input/Output clock high, twH(I/O 
Input/Output clock low, twL(I/O) 


ee System 
isee Note 4) 
Operating free-air temperature, Ta 
0 


NOTES: 2. Analog input voltages greater than that applied to REF + convert as all ‘‘1’’s (11111111), while input voltages less than that 
applied to REF— convert as all ‘‘O’’s (QOOOO0000). As the differential reference voltage decreases below 4.75 V, the total 
unadjusted error tends to increase. 

3. To minimize errors caused by noise at the Chip Select input, the internal circuitry waits for three system clock cycles (or less) 
after a chip select falling edge or rising edge is detected before responding to control input signals. Therefore, no attempt 
should be made to clock-in address data until the minimum chip select setup time has elapsed. 

4. This is the time required for the clock input signal to fall from Vj} min to Vj, max or to rise from Vi_ max to Vip min. In 
the vicinity of normal room temperature, the devices function with input clock transition time as slow as 2 us for remote data 
acquisition applications where the sensor and the A/D converter are placed several feet away from the controlling microprocessor. 


fciKisys) = 1048 Ke 
<= 
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electrical characteristics over recommended operating temperature range, 


Vcc = Vref+ = 4.75 V to 5.5 V (unless otherwise noted), fCLK(I/O) = 2.048 MHz for TLC545 
or fCLK(I/O) = 1.1 MHz for TLC546 


TEST CONDITIONS 

Veg = a7sV, iy = 1300 pA 

Voc = 475 V, lo, Fa mA 
output current Vo = O, CS at Vcc 


Ice Operating supply current 


Selected channel leakage current 
Selected channel at O V, 


Unselected channel at Vcc 


lcc + lref Supply and reference current Vref+ = Vcc. CS atO V 
‘ Analog inputs 7 
Cj Input capacitance 


TAIl typical values are at Ta = 25°C. 


operating characteristics over recommended operating free-air temperature range, 
Vcc = Vref+ = 4.75 V to 5.5 V, fCLK(I/O) = 2.048 MHz for TLC545 or 1.1 MHz for 
TLC546, fCLK(SYS) = 4 MHz for TLC545 or 2.1 MHz for TLC546 


TLC545 TLC546 
PARAMETER TEST CONDITIONS UNIT 
MIN TYP MAX MIN TYP MAX 


(38 
LSB 
Full-scale error L 
0. 
Input A19 address = 10011 01111101 10000011 | 01111101 1000001 1 
Self-test output code 
(See Note 8) (125) (131) (125) (131) 


eee a 9 edo 4 ae 
Totel aeceee. at See Operating Sequence 13 25 pS 
conversion time 


Channel acquisition 


tacq 


time (sample cycle) 


Time output data 
ty remains valid after 
1/O clock! 


; Delay time, |/O clock! 
d to data output valid 

See Parameter 
ten Output enable time 


- Measurement 
tdis Output disable time 


, . Information 
tribus) Data bus rise time 
t#(bus) Data bus fall time 


NOTES: 5. Linearity error is the maximum deviation from the best straight line through the A/D transfer characteristics. 
6. Zero Error is the difference between OO000000 and the converted output for zero input voltage; full-scale error is the difference 
between 11111111 and the converted output for full-scale input voltage. 
7. Total unadjusted error is the sum of linearity, zero, and full-scale errors. 
8. Both the input address and the output codes are expressed in positive logic. The A19 analog input signal is internally generated 
and is used for test purposes. 
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PARAMETER MEASUREMENT INFORMATION 


Vcc 
1.4V Be ink 
3k OUTPUT TEST POINT OUTPUT 
UNDER TEST UNDER TEST TEST POINT 
Cy 3kQ CL 
OUTPUT ___ TEST (SEE NOTE A)’ . (SEE NOTE A) ° | 
UNDER TEST POINT = = = 
‘s (SEE NOTE B) (SEE NOTE B) 
L 
(SEE NOTE A) * 
LOAD CIRCUIT FOR LOAD CIRCUIT FOR LOAD CIRCUIT FOR 
tq, tr, AND t¢ tpzH AND tpy7 tpz_ AND tpi z 


sjaaus ejeg He 


| 
SYSTEM | | | | | : | | | | | | | 
CLOCK | 

| 


—Ptezike— 1 tPz 
| | | 
OUTPUT | | | | vee 
WAVEFORM 1 (SEE NOTE B) | | 
(SEE NOTE C) fn Ov 
—> 


OUTPUT l te Poa eet Re 5 
WAVEFORM 2 50% 
(SEE NOTE C) aig) 
1/0 
“i rate TESe aie eis ea 0.8V 
; OUTPUT 


DATA 
OUTPUT 


VOLTAGE WAVEFORM FOR DELAY TIME VOLTAGE WAVEFORM FOR 
RISE AND FALL TIMES 


NOTES: A. Ci = 50 pF for TLC545 and 100 pF for TLC546 
B. ten = tPZH OF tpZL, tdis = tPHZ OF tPLZ 
C. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 
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principles of operation 


The TLC545 and TLC546 are both complete data acquisition systems on single chips. Each includes such 
functions as system clock, sample-and-hold, 8-bit A/D converter, data and control registers, and control 
logic. For flexibility and access speed, there are four control inputs; Chip Select (CS), Address Input, I/O 
clock, and System clock. These control inputs and a TTL-compatible 3-state output facilitate serial 
communications with a microprocessor or microcomputer. The TLC545 and TLC546 can complete 
conversions in a maximum of 9 and 17 us respectively, while complete input-conversion-output cycles 
can be repeated at a maximum of 13 and 25 us, respectively. 


The System and 1/O clocks are normally used independently and do not require any special speed or phase 
relationships between them. This independence: simplifies the hardware and software control tasks for 
the device. Once a clock signal within the specification range is applied to the System clock input, the 
control hardware and software need only be concerned with addressing the desired analog channel, reading 
the previous conversion result, and starting the conversion by using the I/O clock. The System clock will 
drive the ‘‘conversion crunching”’ circuitry so that the control hardware and software need not be concerned 
with this task. 


2 


When CS is high, the Data Output pin is in a high-impedance condition, and the Address Input and I/O 
Clock pins are disabled. This feature allows each of these pins, with the exception of the CS, to share 
a control logic point with their counterpart pins on additional A/D devices when additional TLC545/TLC546 
devices are used. Thus, the above feature serves to minimize the required control logic pins when using 
multiple A/D devices. 


Data Sheets 


The control sequence has been designed to minimize the time and effort required to initiate conversion 
and obtain the conversion result. A normal control sequence is: 


1. CSis brought low. To minimize errors caused by noise at the CS input, the internal Circuitry waits 
for two rising edges and then a falling edge of the System clock after a CS transition before the 
transition is recognized. The MSB of the previous conversion result will automatically appear on 
the Data Out pin. 

2. Anew positive-logic multiplexer address is shifted in on the first five rising edges of the I/O clock. 
The MSB of the address is shifted in first. The negative edges of these five I/O clocks shift out 
the 2nd, 3rd, 4th, 5th, and 6th most significant bits of the previous conversion result. The on- 
chip sample-and hold begins sampling the newly addressed analog input after the 5th falling edge. 
The sampling operation basically involves the charging of internal capacitors to the level of the 
analog input voltage. 

3. Twoclock cycles are then applied to the I/O pin and the 7th and 8th conversion bits are shifted 
out on the negative edges of these clock cycles. 

4. The final 8th clock cycle is applied to the I/O clock pin. The falling edge of this clock cycle completes 
the analog sampling process and initiates the hold function. Conversion is then performed during 
the next 36 system clock cycles. After this final I/O clock cycle, CS must go high or the I/O clock 
must remain low for at least 36 system clock cycles to allow for the conversion function. 


CS can be kept low during periods of multiple conversion. When keeping CS low during periods of multiple 
conversion, special care must be exercised to prevent noise glitches on the I/O Clock line. If glitches occur 
on the I/O Clock line, the 1/O sequence between the microprocessor/controller and the device will lose 
synchronization. Also, if CS is taken high, it must remain high until the end of conversion. Otherwise, 
a valid falling edge of CS will cause a reset condition, which will abort the conversion in progress. 


A new conversion may be started and the ongoing conversion simultaneously aborted by performing steps 
1 through 4 before the 36 system clock cycles occur. Such action will yield the conversion result of the 
previous conversion and not the ongoing conversion. 
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principles of operation (continued) 


sjaeys e1eq B®) 


2-180 


It is possible to connect the system and |/O clocks together in special situations in which controlling circuitry 
points must be minimized. In this case, the following special points must be considered in addition to the 
requirements of the normal control sequence previously described. 


1. When CS is recognized by the device to be at a low level, the common clock signal is used 
as an l/O clock. When the CS is recognized by the device to be at a high level, the common 
clock signal is used to drive the ‘‘conversion crunching’’ circuitry. 

2. The device will recognize a CS transition only when the CS input changes and subsequently 
the system clock pin receives two positive edges and then a negative edge. For this reason, 
after a CS negative edge, the first two clock cycles will not shift in the address because a 
low CS must be recognized before the I/O clock can shift in an analog channel address. Also, 
upon shifting in the address, CS must be raised after the 6th I/O clock, which has been 
recognized by the device, so that a CS low level will be recognized upon the lowering of the 
8th I/O clock signal recognized by the device. Otherwise, additional common clock cycles will 
be recognized as 1/O clocks and will shift in an erroneous address. 


For certain applications, such as strobing applications, it is necessary to start conversion at a specific point 
in time. This device will accommodate these applications. Although the on-chip sample-and-hold begins 
sampling upon the negative edge of the 5th I/O clock cycle, the hold function is not initiated until the negative 
edge of the 8th I/O clock cycle. Thus, the control circuitry can leave the I/O clock signal in its high state 
during the 8th I/O clock cycle, until the moment at which the analog signal must be converted. The 
TLC545/546 will continue sampling the analog input until the 8th falling edge of the |/O clock. The control 
circuitry or software must then immediately lower the I/O clock signal to initiate the hold function at the 
desired point in time and to start conversion. 


Detailed information on interfacing to most popular microprocesors is readily available from the factory. 
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LinCMOS” Technology D OR P PACKAGE 
(TOP VIEW) 
@ Microprocessor Peripheral or Stand-Alone 
Operation REF+(]1 U [) Vcc 
ANALOG IN{[ }2 7{ |1/0 CLOCK 
® 8-Bit Resolution A/D Converter {3 6 = DATA OUT 
@® Differential Reference Input Voltages GND| ]4 51]CS 
@ Conversion Time... 17 us Max 
® Total Access and Conversion Cycles Per Second 
TLC548 . . . up to 45,500 
TLC549 .. . up to 40,000 2 
® On-Chip Software-Controllable Sample-and-Hold 
@ Total Unadjusted Error... +0.5 LSB Max rm) 
@ 4-MHz Typical Internal System Clock S 
® Wide Supply Range... 3V to6V a 
@ Low Power Consumption... 6 mW Typ 0) 
sped 
® Ideal for Cost-Effective, High-Performance Applications Including Battery-Operated Portable 4°) 
instrumentation a) 
@ Pinout and Control Signals Compatible with the TLC540 and TLC545 8-Bit A/D Converters and with 
the TLC1540 10-Bit A/D Converter 
description 
The TLC548 and TLC549 are LinCMOS” A/D peripheral integrated circuits built around an 8-bit switched- 
capacitor successive-approximation ADC. They are designed for serial interface with a microprocessor 
or peripheral through a 3-state data output and an analog input. The TLC548 and TLC549 use only the 
Input/Output Clock (I/O Clock) input along with the Chip Select (CS) input for data control. 
The maximum I/O clock input frequency of the TLC548 is guaranteed up to 2.048 MHz, and the I/O clock 
input frequency of the TLC549 is guaranteed to 1.1 MHz. Detailed information on interfacing to most popular 
microprocessors is readily available from the factory. 
Operation of the TLC548 and the TLC549 is very similar to that of the more complex TLC540 and TLC541 
devices; however, the TLC548 and TLC549 provide an on-chip system clock that operates typically at 
4 MHz and requires no external components. The on-chip system clock allows internal device operation 
to proceed independently of serial input/output data timing and permits manipulation of the TLC548 and 
TLC549 as desired for a wide range of software and hardware requirements. The |/O Clock together with 
the internal system clock allow high-speed data transfer and conversion rates of 45,500 conversions per 
second for the TLC548, and 40,000 conversions per second for the TLC549. 
Additional TLC548 and TLC549 features include versatile control logic, an on-chip sample-and-hold circuit 
that can operate automatically or under microprocessor control, and a high-speed converter with differential 
high-impedance reference voltage inputs that ease ratiometric conversion, scaling, and circuit isolation 
from logic and supply noises. Design of the totally switched-capacitor successive-approximation converter 
circuit allows conversion with a maximum total error of +0.5 least significant bit (LSB) in less than 17 us. 
The TLC548M and TLC549M are characterized for operation over the temperature range of —55°C 
to 125°C. The TLC548I and TLC549I are characterized for operation from — 40°C to 85°C. The TLC548C 
and TLC549C are characterized for operation from O°C to 70°C. 
LinCMOS is a trademark of Texas Instruments Incorporated. 
PRODUCTION DATA documents contain information _ Copyright © 1983, Texas Instruments Incorporated 
current as of publication date. Products conform to 43 
specifications per the terms of Texas instruments TEXAS 2-181. 
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functional block diagram 


REF+ (1) 
(3) 8-BIT 
REF— ANALOG-TO- 
DIGITAL 
ANALOG (2) oi CONVERTER 8 
INPUT (SWITCHED- OUTPUT 8-TO-1 DATA 
HOLD CAPACITORS) DATA SELECTOR (6) DATA 
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(See Note B) 


NOTES: A. The conversion cycle, which requires 36 internal system clock periods (17 us maximum), is initiated with the 8th I/O clock 
pulse trailing edge after CS goes low for the channel whose address exists in memory at the time. 
B. The most significant bit (A7) will automatically be placed on the DATA OUT bus after CS is brought low. The remaining seven 
bits (A6-AO) will be clocked out on the first seven |/O clock falling edges. B7-BO will follow in the same manner. 
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TLC548, TLC549 
LinCMOS™ 8-BIT ANALOG-TO-DIGITAL 
PERIPHERAL WITH SERIAL CONTROL 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supp VOllacn, Wet (SOG NOLS Tre eer tres sy ok eet ecb ele, bb anes Mun Ghee 6:5°V 
INpUEVonane: rahe at any INPUL- 25 ee sw. eee we ek eee Shee —O;3 ¥ to VEC Oa 
Qetout, voltage tangas. <... . . GuereeOe beat. oo. ow owes a Soe Oa to Vee + OV 
Peak input CUMment range (any 4npus week ics ts. sw Sle nig ceo le a wok us Als ate munis +10 mA 
Peak total ifput Curent. faAnG@ (An wt AY cae cys & eet oe mw cata WDE Botte bbe +30 mA 
Operating free-air temperature range (see Note 2): TLC548M, TLC549M ....... =—§5°C to: 725°C 

PRGSGeL TELCOS: ss ack. = -— 40°C to 85°C 

FEESASC, FLES4A9C6 oe Se O°C-to- 7O°S 
Storage temperature range: -: ssn 6 ON ee ee ee eee eee a —65°C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds...................00. 260°C 


NOTES: 1. All voltage values are with respect to the network ground terminal with the REF — and GND terminal pins connected together, 
unless otherwise noted. 
2. The D package is not recommended below — 40°C. 


recommended operating conditions 


Supply voltage, Vcc 
Positive reference voltage, Vpfr+ (see Note 3) 


2) 
~ 
® 
® 
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Input/output clock frequency, fcLK(I/O) 
(for Vcc = 4.75 V to 5,5 V) 


Input/output clock high, twH{(I/O) (for Vcc = 4.75 V to'5.5 V) 


Input/output clock transition time, tt(j/Q) (see Note 4) 
(for Vcc = 4.75 V to 5.5 V) 


Duration of CS input high state during conversion, twH(CS) 
(for Vcc = 4.75 V to 5.5 V) 


Setup time, CS low before first I/O clock, tsy(Cs) 


(for Vcc = 4.75 V to 5.5 V) (see Note 5) 


Operating free-air temperature, Tp 


TLES48C,:TLCS49C O 


NOTES: 3. Analog input voltages greater than that applied to REF + convert to all ones (11111111), while input voltages less than that 
applied to REF — convert to all zeros (QOOOO0000). For proper operation, the positive reference voltage Vpaffr +, must be at 
least 1 V greater than the negative reference voltage Vrrr _. In addition, unadjusted errors may increase as the differential 
reference voltage VRgf+ — Vref -— falls below 4.75 V. 

4. This is the time required for the input/output clock input signal to fall from Vjy min to Vij_ max or to rise from Vj, max to 
ViH min. In the vicinity of normal room temperature, the devices function with input clock transition time as slow as 2 us 
for remote data acquisition applications in which the sensor and the ADC are placed several feet away from the controlling 
microprocessor. 

5. To minimize errors caused by noise at the CS input, the internal circuitry waits for two rising edges and one falling edge of 
internal system clock after CS! before responding to control input signals. This CS set-up time is given by the ten and tsy(Cs) 
specifications. 
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TLO548, TLC549 
LinCMOS™ 8-BIT ANALOG-TO-DIGITAL 
PERIPHERAL WITH SERIAL CONTROL 


electrical characteristics over recommended operating free-air temperature range, 
Vcc = VREF+ = 4.75 V to 5.5 V (unless otherwise noted), fCLK(I/O) = 2-048 MHz for TLC548 
or 1.1 MHz for TLC549 


PARAMETER TEST CONDITIONS Typt 


V High-level output voltage Vec = 4.75 V, I9QH = —360 pA 
Vv Low-level output voltage Vec = 4.75 V, lop = 3.2 mA 


get Eset iterates 
OL 
state) output current Vo = 0, CS at Vcc 
IH 
IL | 


MAX 
0.4 

10 

—10 

2.5 

1 

= 4 

2.5 

3 

55 

5 15 


| Low-level input current, control inputs —0.005 =2.5 
Analog channel on-state input Analog input at Vcc ee 


~0.4 


(on) 


current, during sample cycle 
ne Operating supply current 
lcc +|lREF Supply and reference current 
Baas Books 


operating characteristics over recommended operating free-air temperature range, 
Vcc = VREF+ = 4.75 V to 5.5 V (unless otherwise noted), fCLK(I/O) = 2.048 MHz for TLC548 
or 1.1 MHz for TLC549 


TLC548 
PARAMETER TEST CONDITIONS 


208 £08 
20.5 is 


Channel acquisition time 


MIN 

2.4 
| High-level input current, control inputs Vi = Vcc 0.005 
0.4 


V 
V 
V 
pA 
bA 


C; Input capacitance pF 


tacq 


(sample cycle) 


Delay time to data 
tq \ 1/0 clock! 
output valid 


tdis Output disable time See Parameter 


tr(bus) Data bus rise time Measurement Information 
tf(bus) Data bus fall time 


TAIl typicals are at Vcc = 5 V, Ta = 25°C. 
NOTES: 6. Linearity error is the deviation from the best straight line through the A/D transfer characteristics. 
7. Zero error is the difference between OOO000000 and the converted output for zero input voltage; full-scale error is the difference 
between 11111111 and the converted output for full-scale input voltage. 
8. Total unadjusted error is the sum of linearity, zero, and full-scale errors. 
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TLC548, TLO549 ; 
LinCMOS™ 8-BIT ANALOG-TO-DIGITAL 
PERIPHERAL WITH SERIAL CONTROL 


PARAMETER MEASUREMENT INFORMATION 


Vcc 
3kQ OUTPUT TEST POINT OUTPUT 
alaheaces pineal a TEST POINT 
Cy 3k2 CL 
OUTPUT TEST (SEE NOTE A)” ‘ (SEE NOTE A) 
UNDER TEST POINT = = = 
és (SEE NOTE B) (SEE NOTE B) 
L 

(SEE NOTE A) f§ 

LOAD CIRCUIT FOR LOAD CIRCUIT FOR LOAD CIRCUIT FOR ” 

ty, tr, AND ts tpzH AND tpyz tpzL AND tp_z ors 

® 

Vcc BE ns 

7p) 

40) 

end 

A 

OUTPUT 
WAVEFORM 1 
(SEE NOTE C) 
OUTPUT 

WAVEFORM 2 
(SEE NOTE C) 


(SEE NOTE B) 
VOLTAGE WAVEFORMS FOR ENABLE AND DISABLE TIMES 
1/0 


CLOCK 
OUTPUT 


DATA 
OUTPUT 


VOLTAGE WAVEFORM FOR DELAY TIME VOLTAGE WAVEFORM FOR 
RISE AND FALL TIMES 


NOTES: A. Ci = 50 pF for TLC548 and 100 pF for TLC549; C, includes jig capacitance. 
B. ten = tPZH OF tPZL, tdis = tPHZ OF tPLz- 
C. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 
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TLO548, TLC549 
LinCMOS™ 8-BIT ANALOG-TO-DIGITAL 
PERIPHERAL WITH SERIAL CONTROL 


PRINCIPLES OF OPERATION 


The TLC548 and TLC549 are each complete data acquisition systems on a single chip. Each contains an internal 
system clock, sample-and-hold, 8-bit A/D converter, data register, and control logic circuitry. For flexibility and 
access speed, there are two control inputs: I/O Clock and Chip Select (CS). These control inputs and a TTL- 
compatible three-state output facilitate serial communications with a microprocessor or minicomputer. A 
conversion can be completed in 17 us or less, while complete input-conversion-output cycles can be repeated 
in 22 us for the TLC548 and in 25 us for the TLC549. 


The internal system clock and |/O clock are used independently and do not require any special speed or phase 
relationships between them. This independence simplifies the hardware and software control tasks for the device. 
Due to this independence and the internal generation of the system clock, the control hardware and software 
need only be concerned with reading the previous conversion result and starting the conversion by using the 
1/O clock. In this manner, the internal system clock drives the ‘’conversion crunching”’ circuitry so that the control 
hardware and software need not be concerned with this task. 


When CS is high, the data output pin is in a high-impedance condition and the !/O clock pin is disabled. This 
CS control function allows the I/O Clock pin to share the same control logic point with its counterpart pin when 
additional TLC548 and TLC549 devices are used. This also serves to minimize the required control logic pins 
when using multiple TLC548 and TLC549 devices. 


The control sequence has been designed to minimize the time and effort required to initiate conversion and 
obtain the conversion result. A normal control sequence is: 


1.CS is brought low. To minimize errors caused by noise at the CS input, the internal circuitry waits for 
two rising edges and then a falling edge of the internal system clock after a CS! before the transition 
is recognized. However, upon a CS rising edge, DATA OUT will go to a high-impedance state within 
the tdjs specification even though the rest of the IC’s circuitry will not recognize the transition until 
the tsu(CS) specification has elapsed. This technique is used to protect the device against noise when 
used in a noisy environment. The most significant bit (MSB) of the previous conversion result will initially 
appear on the DATA OUT pin when cs goes low. 


2. The falling edges of the first four I/O clock cycles shift out the 2nd, 3rd, 4th, and 5th most significant 
bits of the previous conversion result. The on-chip sample-and-hold begins sampling the analog input 
after the 4th high-to-low transition of the I/O Clock. The sampling operation basically involves the charging 
of internal capacitors to the level of the analog input voltage. 


3. Three more I/O clock cycles are then applied to the I/O pin and the 6th, 7th, and 8th conversion bits 
are shifted out on the falling edges of these clock cycles. 


4. The final, (the 8th), clock cycle is applied to the I/O clock pin. The on-chip sample-and-hold begins the 
hold function upon the high-to-low transition of this clock cycle. The hold function will continue for 
the next four internal system clock cycles, after which the holding function terminates and the conversion 
is performed during the next 32 system clock cycles, giving a total of 36 cycles. After the 8th I/O clock 
cycle, CS must go high or the I/O clock must remain low for at least 36 internal system clock cycles 
to allow for the completion of the hold and conversion functions. CS can be kept low during periods 
of multiple conversion. When keeping CS low during periods of multiple conversion, special care must 
be exercised to prevent noise glitches on the I/O Clock line. If glitches occur on the I/O Clock line, the 
I/O sequence between the microprocessor/controller and the device will lose synchronization. If CS 
is taken high, it must remain high until the end of conversion. Otherwise, a valid high-to-low transition 
of CS will cause a reset condition, which will abort the conversion in progress. 


A new conversion may be started and the ongoing conversion simultaneously aborted by performing steps 1 
through 4 before the 36 internal system clock cycles occur. Such action will yield the conversion result of the 
previous conversion and not the ongoing conversion. 
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TLC548, TLC549 
LinCMOS™ 8-BIT ANALOG-TO-DIGITAL 
PERIPHERAL WITH SERIAL CONTROL 


PRINCIPLES OF OPERATION 


For certain applications, such as strobing applications, it is necessary to start conversion at a specific point 
in time. This device will accommodate these applications. Although the on-chip sample-and-hold begins sampling 
upon the high-to-low transition of the 4th I/O clock cycle, the hold function does not begin until the high-to-low 
transition of the 8th I/O clock cycle, which should occur at the moment when the analog signal must be converted. 
The TLC548 and TLC549 will continue sampling the analog input until the high-to-low transition of the 8th 
1/O clock pulse. The control circuitry or software will then immediately lower the I/O clock signal and start the 
holding function to hold the analog signal at the desired point in time and start conversion. 


Detailed information on interfacing to the most popular microprocessor is readily available from Texas Instruments. 


Data Sheets Hi) 
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TLEO820A, TLCO820B, ADCO820B, ADCO820C 
Advanced LinCMOS™ HIGH-SPEED 8-BIT ANALOG-TO-DIGITAL 
CONVERTERS USING MODIFIED “FLASH” TECHNIQUES 


D2873, SEPTEMBER 1986—REVISED FEBRUARY 1989 


Advanced LinCMOS”™ Silicon-Gate ALL TYPES ... DW OR N PACKAGE 
Technology TLCO820_M...J PACKAGE 


(TOP VIEW) 


8-Bit Resolution 
Differential Reference Inputs 


Parallel Microprocessor Interface 


Conversion and Access Time Over 
Temperature Range 
Write-Read Mode... 1.18 ys and 1.92 ys 
Read Mode... 2.5 ns Max 


@® No External Clock or Oscillator Components 
Required 


On-Chip Track-and-Hold 


TLCO820_M...FK PACKAGE 
TLCO820__1, TLCO820_C...FN PACKAGE 
ADC0820__Cil, ADCO820_C...FN PACKAGE 


Single 5-V Supply (TOP VIEW) 


TLCO820B is Direct Replacement for 
National Semiconductor ADCO820B/BC and 
Analog Devices AD7820L/C/U; 

TLCO820A is Direct Replacement for 
National Semiconductor ADCO820C/CC and 
Analog Devices AD7820K/B/T D2 [4 18 OFLW 


Low Power Consumption... 50 mW Typ 


w{} DO (LSB) 
= ANLG IN 


description 


The TLCO820A, TLCO820B, ADCO820B, and RD fs 
ADCO820C are Advanced LinCMOS™ 8-bit 
analog-to-digital converters each consisting of a 
two 4-bit ‘‘flash’’ converters, a 4-bit digital-to- a S 
analog converter, a summing (error) amplifier, = 
control logic, and a result latch circuit. The 
modified ‘‘flash’’ technique allows low-power 
integrated circuitry to complete an 8-bit 
conversion in 1.18 ys over temperature. The on- 
chip track-and-hold circuit has a 100 ns sample 
window and allows these devices to convert 
continuous analog signals having slew rates of 
up to 100 mV/us without external sampling 
components. TTL-compatible three-state output 
drivers and two modes of operation allow 
interfacing to a variety of microprocessors. 
Detailed information on interfacing to most 
popular microprocessors is readily available from 
the factory. 
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NC —No internal connection 


The M-suffix devices are characterized for operation over the full military temperature range of —55°C 
to 125°C. The I-suffix devices are characterized for operation from — 40°C to 85°C. The C-suffix devices 
are characterized for operation from O°C to 70°C. See Available Options. 


Advanced LinCMOS is a trademark of Texas Instruments Incorporated. 


PRODUCTION DATA documents contain information F 
= as of oe date. eal conform to tis 
specifications per the terms of Texas Instruments 

standard warranty. Production processing does not TEXAS 
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TLCO820A, TLCO820B, ADCO820B, ADCO820C 
Advanced LinCMOS™ HIGH-SPEED 8-BIT ANALOG-TO-DIGITAL 
CONVERTERS USING MODIFIED “FLASH” TECHNIQUES 


AVAILABLE OPTIONS 


OPERATING TOTAL 
PACKAGE TEMPERATURE UNADJUSTED 

SUFFIX RANGE ERROR 
TLCO820AC | DW, FN, 0°C to 70°C +1 LSB 
TLCO820AI DW, FN, ~40°C to 85°C +1 LSB 
TLCO820AM | DW, FK, ~55°C to 125°C +1LSB 
0°C to 70°C +0.5 LSB 
~40°C to 85°C +0.5 LSB 
~55°C to 125°C +0.5 LSB 
0°C to 70°C +0.5 LSB 
~40°C to 85°C +0.5 LSB 
0°C to 70°C +1 LSB 
~40°C to 85°C +1 LSB 


= 


TLCO820BC DW, FN, 


TLCO820BI DW, FN, 
TLCO820BM DW, FK, 
ADCO820BC DW, FN, 
ADCO820BCI | DW, FN, 
ADCO820CC DW, FN, 
ADCO820CCI |} DW, FN, 


2 


ee Le ee ee 


Tin many instances, these ICs may have both TLCO820 and ADCO820 labeling 
on the package. 


functional block diagram 
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(12) 4-BIT FLASH 
ee (11) & jc sas (18) 
REF — DIGITAL OFLW 
aed CONVERTER (2) 
(4 MSBs) DO (LSB) 
(3) i 
(4) 
“ai cor eee 
DIGITAL- ree (5) 53 
ast TO-ANALOG a orate aa DIGITAL 
‘ OUTPUTS 
CONVERTER BUFFERS D4 
(15) ng 
4-BIT FLASH (16) D6 
ANALOG-TO- a7) 
ry DIGITAL D7 (MSB) 
a CONVERTER 
ANLG IN m 4 (4 LSBs) 
(7) 
MODE 
peat 6 
WRIRDY —~ TIMING toi i 
coe tS AND mt 
CS CONTROL 
2: (8) 
RD 
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TLCOO820A, TLCO820B, ADCO820B, ADCO820C 
Advanced LinCMOS™ HIGH-SPEED 8-BIT ANALOG-TO-DIGITAL 
CONVERTERS USING MODIFIED “FLASH” TECHNIQUES 


DESCRIPTION 
See ee NUMBER 


ANLG IN Analog input 
This input must be low in order for RD or WR to be recognized by the ADC. 


Three-state data output, bit 1 (LSB) 
Three-state data output, bit 2 


oes SESE ERE Three-state data output, bit 3 


In the WRITE-READ mode, the interrupt output, INT, going low indicates that the internal count-down delay time, 


td(int), is complete and the data result is in the output latch. tg(jnt) is typically 800 ns starting after the rising 


edge of the WR input (see operating characteristics and Figure 3). If RD goes low prior to the end of tqijnt), 


INT goes low at the end of tqpi, and the conversion results are available sooner (see Figure 2). INT is reset by the 


rising edge of either RD or CS. 


Mode-selection input. It is internally tied to GND through a 50-nA current source, which acts like a pull-down 


resistor. 


READ mode: Occurs when this input is low. 
WRITE-READ mode: Occurs when this input is high. 


NC 19 No internal connection 


OFLW 18 Normally the OFLW output is a logical high. However, if the analog input is higher than the Varr +, OFLW 


RD 8 
INT going low indicates completion of the conversion. 


REF — 11 This input voltage is placed on the bottom of the resistor ladder. 
REF + 12 This input voltage is placed on the top of the resistor ladder. 


Vcc 20 Power supply voltage 
WR/RDY 6 


will be low at the end of conversion. It can be used to cascade 2 or more devices to improve resolution (9 
or 10-bits). 


In the WRITE-READ mode with CS low, the 3-state data outputs DO through D7 are activated when RD goes 
low. RD can also be used to increase the conversion speed by reading data prior to the end of the internal 


count-down delay time. As a result, the data transferred to the output latch is latched after the falling edge of RD. 


In the READ mode with CS low, the conversion starts with RD going low. RD also enables the three-state 


data outputs upon completion of the conversion. The RDY output going into the high-impedance state and 


In the WRITE-READ mode with CS low, the conversion is started on the falling edge of the WR input signal. 


The result of the conversion is strobed into the output latch after the internal count-down delay time, tq(jnt). 


provided that the RD input does not go low prior to this time. tq(int) is approximately 800 ns. 


In the READ mode, RDY (an open-drain output) will go low after the falling edge of CS, and will go into the 


high-impedance state when the conversion is strobed into the output latch. It is used to simplify the interface 


to a microprocessor system. 
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TLCO820A, TLCO820B, ADCO820B, ADCO820C 
Advanced LinCMOS™ HIGH-SPEED 8-BIT ANALOG-TO-DIGITAL 
CONVERTERS USING MODIFIED “FLASH” TECHNIQUES 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


TLCO820_M TLCO820_1 | TLCO820_C 
— | ADCO820__CI| ADCO820__C 


Eo Mee 
Voc +0.2 Voc +0.2 Vec+0.2 
Output voltage range, all outputs (see Note 1) 
Vec+0.2 Vcc+0.2 Voc +0.2 


Operating free-air temperature range —-55 to 125 —40 to 85 


Supply voltage, Vcc (see Note 1 eg pete Pe 
Storage temperature range -65 to 150 —65 to 150 —65 to 150 Pe, ES 


Case temperature for 60 seconds: FK package 260 2 ae Et is 
Case temperature for 10 seconds: FN package 
0 
60 


Lead temperature 1,6 mm (1/16 inch) from case 30 
for 60 seconds: J package 
Lead temperature 1,6 mm (1/16 inch) from case 260 9 9 
for 10 seconds: DW or N package 
NOTE 1: All voltages are with respect to network ground terminal, pin 10. 
recommended operating conditions 
TLCO820__I TLCO820_C 
TLCO820_M 
ADC0820__ Cl ADC0820__C 
Supply voltage, Vcc 4.5 5 8 4.5 5 8 4.5 5 8 
1 


Positive reference voltage, VRgF + VREF — Vcc | VREF- Vcc | VREF- Vcc 
Negative reference voltage, VagrF — GND VreF+| GND VreF+| GND VREF + 


voltage, Vin to5.25V | MODE | 3.5 3.5 3.5 
voltage, VIL to5.25V | MODE | 1.5 1.5 
Delay to next conversion, t 
Delay time from WR to RD in write-read mode, Peat 8 oe 
tqwp\ (see Figure 2) ei 
si Geom duration in write-read mode, twyw 05 50 05 50 3 
(see Figures 2, 3, and 4) 
5 


Operating free-air temperature, Ta -5 125 —40 85 O 70 


260 
60 
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TLCOO820A, TLCO820B, ADCO820B, ADCO820C 
; Advanced LinCMOS™ HIGH-SPEED 8-BIT ANALOG-TO-DIGITAL 
CONVERTERS USING MODIFIED “FLASH” TECHNIQUES 


electrical characteristics at specified operating free-air temperature, VCC = 5 V (unless otherwise noted) 


V 4.75 V, 

Cr. Full rang 

IOH = —360 pA y 

Any D, OFLW, INT, Vec = 5.25 V, Full ee 

VoL Low-level output voltage V 
or WRIRDY = 1.6 mA 


lo 
CS or RD Full range 0.005 1 
WR/RDY 
Full range 200 
MODE 
CS, WR/RDY, RD, 
Hie Low-level input current VIL = Full range - 0.005 
or MODE 
Mi = 


(he eT CEN 
Any D or WR/RDY pA 
pare [or 05 


VOH_ High-level output voltage Any D, INT, or OFLW 


HH High-level input current 


Off-state (high-impedance 


state) output current 


CS at 5 V, Full range 


pA 
CS at 5 V, Full range 
Full ae 
Vo =5V 


2 
7 


ie 

Full range 1.25 6 
Rref Reference resistance kQ 
| 


m 


C Any: digital aR Sma wee F 
; nput capacitance ull range 


TAIl typical values are at Ta = 25°C. 


I Analog input current 


_ INT, 


Any D, OFLW 
or WR/RDY 


los  Short-circuit output current 


a?) 
ed 
® 
® 
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TLCO820A, TLCO820B, ADCO820B, ADCO820C 
Advanced LinCMOS™ HIGH-SPEED 8-BIT ANALOG-TO-DIGITAL 
CONVERTERS USING MODIFIED “FLASH” TECHNIQUES 


operating characteristics, Vcc = 5 V, VREF+ = 5 V, VREF- = O, tr = te = 20 ns, Ta = 25°C 
(unless otherwise noted) 


TLCO820B TLCO820A 
PARAMETER TEST CONDITIONS ADC0O820B ADC0820C UNIT 
MAX 
Supply voltage 
S eet Vec = 5V + 5%,Ta = MIN to MAX +1/16 +1/4 = oe] doi bs meme At | 
sensitivity 
Read mode 
tconvR ; MODE pin at O V, See Figure 1 
conversion time 
Internal count- MODE pin at 5 V, = 50’ pF, 
td(int) : 1300 1300 
down delay time See Figures 3 and 4 
a t t t if 
taR Access time from RD! | MODE pin at O V, See Figure 1 coi eon Ree Seen 
oe +20 +50 +20 +50 
Q I|tari1 Access time from RD! | tgwr < td(int)- C, = 100 pF oath 
—~” See Figure 2 
t Access time from RD! | t > tai 
. aR2 ss time fr dWR > td(int) CL = 100 pF 
om See Figure 3 
@ [tat Access time from INT! | MODE pin at 5 V, See Figure 4 a 
RL = 1 kQ, CL 10 pF, 
tdis Disable time from RDt 
See Figures 1, 2, 3, and 5 
: Delay time from MODE pin at O V, C, = 50 pF, 
GROY Si to RDY! See Figure 1 
, Delay time from CL. = 50 pF, 
dRIH RD? to INTT See Figures 1, 2, and 3 
‘ Delay time from MODE pin at 5 V, tdWwR < td(int)- 
dRIL RD! to INT! See Figure 2 
: Delay time from MODE pin at 5 V, Ci = 50 pF, 
dWIH WR? to INT? See Figure 4 
t Total unadjusted error includes offset, full-scale, and linearity errors. 
? 
Beas TEXAS ag 
NSTRUMENTS 


POST OFFICE BOX 655012 © DALLAS, TEXAS 75265 


TLCO820A, TLCO820B, ADCO820B, ADCO820C 
Advanced LinCMOS™ HIGH-SPEED 8-BIT ANALOG-TO-DIGITAL 
CONVERTERS USING MODIFIED “FLASH” TECHNIQUES 


PARAMETER MEASUREMENT INFORMATION 
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WR ‘e f Stay WR/RDY f X 

WR/RDY “eae Rl a 
tawr-f¢—ple—tainc)—> | l¢—tainc)— 


taRIi—>| ke taR2 a 
+l tas aa ex 
FIGURE 2. WRITE-READ MODE WAVEFORMS FIGURE 3. WRITE-READ WAVEFORMS 
[MODE PIN HIGH AND tgwr < td(int)] [MODE PIN HIGH AND tgwr > ta(int)] 
CS LOW 
RD LOW 
tww 


WR/RDY \ # K / 
7 je tain jet tanes 


fe tatiny pI | ‘ talNT 
DATA 
00-07 y——t as 


FIGURE 4. WRITE-READ MODE WAVEFORMS 
(STAND-ALONE OPERATION, MODE PIN HIGH, AND RD LOW) 
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TLCO820A, TLCO820B, ADCO820B, ADCO820C 
Advanced LinCMOS™ HIGH-SPEED 8-BIT ANALOG-TO-DIGITAL : 
CONVERTERS USING MODIFIED “FLASH” TECHNIQUES 


PARAMETER MEASUREMENT INFORMATION 


= 10 pF 
TLC0820 Vcc SL P 
o tig tr az 
Ji eta | eS 
DATA RD Ix 50% 
110% 
OUTPUT GND : 
—Pl tdis e— 
1 kQ VOoH ‘ 
DATA 30% 
2 OUTPUTS 
GND 
C7 try = 20 ns 
. 
C; = 10 pF 
Q) L 
~” —> 'r 
> Vec-— a at 
@ rade] | #90% 
© RD iff 50% 
o DATA GND Zz 
OUTPUT aes Pat in 
y 
a erie reed 5 Hae 
DATA ; pee 
OUTPUTS a oan. 
tr = 20 ns 
TEST CIRCUIT VOLTAGE WAVEFORMS 


FIGURE 5. TEST CIRCUIT AND VOLTAGE WAVEFORMS 
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TLEO820A, TLCO820B, ADCO820B, ADCO820C 
Advanced LinCMOS™ HIGH-SPEED 8-BIT ANALOG-TO-DIGITAL 
CONVERTERS USING MODIFIED “FLASH” TECHNIQUES 


PRINCIPLES OF OPERATION 


The TLCO820A, TLCO820B, ADCO820B and ADCO820C each employ a combination of ‘‘sampled-data’’ 
comparator techniques and ‘‘flash’’ techniques common to many high-speed converters. Two 4-bit ‘‘flash’’ 
analog-to-digital conversions are used to give a full 8-bit output. 


The recommended analog input voltage range for conversion is —0.1 V to Vcc +0.1 V. Analog input signals 
that are less than VRFF— + % LSB or greater than VREF+ — %-LSB convert to OOOOOOOO or 11111111 
respectively. The reference inputs are fully differential with common-mode limits defined by the supply rails. 
The reference input values define the full-scale range of the analog input. This allows the gain of the ADC to 
be varied for ratiometric conversion by changing the VREF+ and VREF- voltages. 


The device operates in two modes, read (only) and write-read, which are selected by the MODE pin (pin 7). 
The converter is set to the read (only) mode when pin 7 is low. In the read mode, the WR/RDY pin is used 
as an output and is referred to as the ‘‘ready’’ pin. In this mode, a low on the “‘ready’’ pin while CS is low 
indicates that the device is busy. Conversion starts on the falling edge of RD and is completed no more than 
2.5 pws later when INT falls and the ‘‘ready’’ pin returns to a high-impedance state. Data outputs 
also change from high-impedance to active states at this time. After the data is read, RD is taken high, INT 
returns high, and the data outputs return to their high-impedance states. 


The converter is set to the write-read mode when pin 7 is high and WR/RDY is referred to as the ‘‘write’’ pin. 
Taking CS and the ‘‘write’’ pin low selects the converter and initiates measurement of the input signal. 
Approximately 600 ns after the ‘‘write’’ pin returns high, the conversion is completed. Conversion starts on 
the rising edge of WR/RDY in the write-read mode. 


The high-order 4-bit ‘‘flash’’ ADC measures the input by means of 16 comparators operating simultaneously. 
A high precision 4-bit DAC then generates a discrete analog voltage from the result of that conversion. After 
a time delay, a second bank of comparators does a low-order conversion on the analog difference between 
the input level and the high-order DAC output. The results from each of these conversions enter an 8-bit latch 
and are output to the three-state buffers on the falling edge of RD. 
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TLCO820A, TLCO820B, ADCO820B, ADCO820C 
Advanced LinCMOS™ HIGH-SPEED 8-BIT ANALOG-TO-DIGITAL 
CONVERTERS USING MODIFIED “FLASH” TECHNIQUES 


TYPICAL APPLICATION DATA 


tS 
ANLG IN 
ee 2 SS ay 

ioe ee 

nts: en ek Cae AF 
Cae 
aie ae iS 
CS ee ARO ae 
aes aS +. 
SS Sad BR 

0.1 uF 
FIGURE 6. CONFIGURATION FOR 9-BIT RESOLUTION 
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LinCMOS™ Technology 


TLO1540M, TLC15401, TLC1541M, TLO15411 
LinCMOS™ 10-BIT ANALOG-TO-DIGITAL PERIPHERALS 
WITH SERIAL CONTROL AND 11 INPUTS 


D2859, DECEMBER 1985—REVISED JANUARY 1988 


J OR N DUAL-IN-LINE PACKAGE 


(TOP VIEW) 
@ 10-Bit Resolution A/D Converter 
INPUT AO []1 J20f] vec 
Operation INPUT A2 []3 1/0 CLOCK 
@ On-Chip 12-Channel Analog Multiplexer INPUT A3 |]4 ADDRESS INPUT 
- INPUT A4 | {5 DATA OUT 
@ Built-In Self-Test Mode INPUT AS [6 cS 
@ Software-Controllable Sample and Hold INPUT A6 []7 REF + 
INPUT A7 []8 REF — 
@® Total Unadjusted Error... INPUT A8 [19 INPUT A10 
TLC1540: +0.5 LSB Max GND []10 INPUT AQ 2 
TLC1541: +1.0 LSB Max 
@ Pinout and Control Signals Compatible with FK OR FEN CHIP CARRIER PACKAGE 2 
TLC540 and TLC549 Families of 8-Bit A/D (TOP VIEW) rab) 
Converters o 
- os 
s ”) 
TYPICAL PERFORMANCE -4 
Ch | Acquisition Sample Ti 5.5 ores Ee © 
annel Acquisition Sample Time .5 us ae S Pa 
Conversion Time 21 us ee ee 4°) 
Samples per Second 32x 103 mm = - o . (a) 
Power Dissipation 6 mW S Se © 
aE i SH i Ses fh Ty 
2 34 
description INPUT A3 [4 18(] 1/0 CLOCK 
The TLC1540 and TLC1541 are LinCMOS™ A/D INPUT A4 [5 174 ADDRESS INPUT 
peripherals built around a 10-bit, switched- INPUT AS. 6 ees OUT. 
Capacitor, successive-approximation, A/D INPUT A6 7 18 CS 
converter. They are designed for serial interface eee as = Nahi 
to a microprocessor or peripheral via a three- a = 
state output with up to four control inputs 0 O° o a4 
[including independent System Clock, I/O Clock, ie eS % rs 
Chip Select (CS), and Address Input]. A > pe” 
2.1-megahertz system clock for the TLC1540 eR a 
and TLC1541, with a design that includes os 
simultaneous read/write operation, allows high- 
speed data transfers and sample rates of up to 
32,258 samples per second. In addition to the 
high-speed converter and versatile control logic, there is an on-chip 12-channel analog multiplexer that 
can be used to sample any one of 11 inputs or an internal ‘‘self-test’’ voltage, and a sample-and-hold that 
can operate automatically or under microprocessor control. Detailed information on interfacing to most 
popular microprocessors is readily available from the factory. 
The converters incorporated in the TLC1540 and TLC1541 feature differential high-impedance reference 
inputs that facilitate ratiometric conversion, scaling, and analog circuitry isolation from logic and supply 
noises. A totally switched-capacitor design allows guaranteed low-error conversion (+0.5 LSB for the 
TLC1540, +1 LSB for the TLC1541) in 21 microseconds over the full operating temperature range. 
The TLC1540 and the TLC1541 are available in FK, FN, J, and N packages. The M-suffix versions are 
characterized for operation from — 55°C to 125°C. The I-suffix versions are characterized for operation 
from —40°C to 85°C. 
LinCMOS is a trademark of Texas Instruments Incorporated 
PRODUCTION DATA documents contain information x Copyright © 1985, Texas Instruments Incorporated 
current as of publication date. Products conform to ‘| 
er seed = a of Texas og bata TEXAS 9:199 
standard warranty. Production processin oes no - 
necessarily include testing of ail parainates. INSTRUMENTS 
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TLO1540M, TLO15401, TLC1541M, TLO15411 
LinCMOS™10-BIT ANALOG-TO-DIGITAL PERIPHERALS 
WITH SERIAL CONTROL AND 11 INPUTS 


functional block diagram 


REF+ REF— 


10-BIT 
ANALOG-TO-DIGITAL 
CONVERTER 
(SWITCHED-CAPACITORS) 


SAMPLE 
AND 
HOLD 


12CHANNEL 
ANALOG 
MULTIPLEXER 


ANALOG 
INPUTS 


DATA 
OUTPUT 


INPUT 


OUTPUT 10-TO-1 DATA 
DATA SELECTOR AND 
REGISTER DRIVER 
ADDRESS 
REGISTER 
4 
SELF-TEST CONTROL LOGIC 
REFERENCE AND 1/0 
COUNTERS 
ADDRESS INPUT 
INPUT MULTIPLEXER 
os 
1/0 Ae 


SYSTEM 
CLOCK 


$1a9UuS e1egq By 


operating sequence 


1/0 F 
DON'T A 
fon ELE ERLE ELE APLC eon anes, 


(a= ACESS: poe SARE oe eee eee @—ACCESS_»' |g ss SAMPLE ____g 
as ' cyctes |! CYCLEB | (See Note A) f . GPeRe te fe4 CYCLEC | 
Sig oe ee oe ee a 2 eens twHICS —rL, 
(See Note C) - 
MSB LSB MSB LSB 


ADDRESS DON’T CARE DON'T CARE 
tts epscia. Gay CS”). sr oemrmppesrerersi =. tc Remit ge Nexans. Co). (a? 62), 62 srcecyra re poe 


HI-Z STATE Hi-Z 


"Sot XK DKON OOOO OOCC CO <a 


+———_- PREVIOUS CONVERSION DATA ——————__ #—_- CONVERSION DATA B ————————__~»> 
MSB LSB MSB MSB LSB MSB 
(See Note B) 


VS rai hab jae ae noe Sel | -eafac}=3 tae] sek [epee] -2li40 


NOTES: A. The conversion cycle, which requires 44 System Clock periods, is initiated on the 10th falling edge of the I/O Clock! after 
CS! goes low for the channel whose address exists in memory at that time. If CS is kept low during conversion, the I/O Clock 
must remain low for at least 44 System Clock cycles to allow conversion to be completed. 

B. The most significant bit (MSB) will automatically be placed on the DATA OUT bus after CS is brought low. The remaining 
nine bits (A8-AO) will be clocked out on the first nine I/O Clock falling edges. 

C. To minimize errors caused by noise at the CS input, the internal circuitry waits for three System Clock cycles (or less) after 
a chip-select falling edge is detected before responding to control input signals. Therefore, no attempt should be made to 
clock-in address data until the minimum chip-select setup time has elapsed. 
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TLC1540M, TLC15401, TLC1541M, TLC15411 
LinCMOS™ 10-BIT ANALOG-TO-DIGITAL PERIPHERALS 
WITH SERIAL CONTROL AND 11 INPUTS 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Se yO OCT ir ADR OnIVOUB TE. a So Crd eee Ke a. a ase bdo Bouid: WREMi os» could oa bbls Acs wo oles 6.5 V 
Sige’ Poets SC EATVY WEIL aie esos Bent cs Ss wo we Woe bo ee -0.3 Vto Vcc + 0:3 V 
RMN AUT MCTE GRONERES 4 fc 4% sth fad ere Co TOM, yy one ee a ve we DRS nates -0:3 .V.to Veco. +0324 
Peak Mie OU er rere JOY Wer rete. te ce «vl os de Ahead Gre < epale Mdm Oars +10 mA 
PR Cees WE eee PIC Cath SNE ee alts a ae ls ory. lg dnd SIRES Sod dic « QaasAl s OU h oe alt +30 mA 
Operating free-air temperature range: TLC1540l, TLC15411.................. — 40°C to 85°C 

TLC Poet, TE LOM IM 2.5 ks. oS oe ee - 55°C to 125°C 
micraue toipeiaiieranae . 21. 2 ake hele eis oo kas Le Pu oaths Soe Re —65°C to. 150°C 


Case temperaure-tor GO seconds: FPRipackHos . OFS ee ea i a eee 
Case-temporacure tor 10 seconds>-FNpacKade: mi os a eas ee a eae 
Lead temperature 1,6 mm (1/16 inch) from the case for 60 seconds: J package .......... 
Lead temperature 1,6 mm (1/16 inch) from the case for 10 seconds: N package.......... 


2 


NOTE 1: All voltage values are with respect to digital ground with REF — and GND wired together (unless otherwise noted). 
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TLE1540M, TLC15401, TLC1541M, TLC15411 
LinCMOS™ 10-BIT ANALOG-TO-DIGITAL PERIPHERALS 
WITH SERIAL CONTROL AND 11 INPUTS 


TLC1540, TLC1541 
MIN NOM MAX 
Supply voltage, Vcc 4.75 5 5:5 
Positive reference voltage, Vpffr+ (see Note 2) 2:5 Vcc Vcc +0.1 
) 2.5 
Vcc Vec+0.2 


UNIT 


Negative reference voltage, VRff— (see Note 2) 


| 
: 


Differential reference voltage, Vaffri — Vref (see Note 2) 
Analog input voltage (see Note 2) 6) 


< 
O 
O 


High-level control input voltage, Vjy 


= 
© 
7) 
oO 
3 
3 
@ 
a 
2 
© 
joe 
2) 
Tb 
@ 
= 
® 
68 
= 
© 
i?) 
2) 
= | 
ok 
, 
2) 
a 
7) 


$ 
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Low-level control input voltage, Vj, 


a 
oO 


Setup time, address bits before I/O CLKT, tsgy(A) 
Hold time, address bits after 1/O CLKT, thi,) 


Setup time, CS low before clocking in first address bit, tsy(cs) (see Note 3) 


S high during conversion, twH(CS) 


System clock frequency, fc_K(SYs) fCLK (I/O) 2.1 
Syst TER HGR, WwHISYS) 
Sytem cook Tow, iiSYS 


Input/Output clock high, twH(I/O) 


Input/Output clock Tow. twLi0) 
: System CLK(SYS) 2 ras 
Clock transition time fCLK(SYS) > 1048 kHz 
(see Note 4) fCLK(I/O) < 525 kHz 100 
/O ns 
@) 


fCLK(I/O) > 525 kHz 4 


Operating free-air TLC1540M, TLC1541M — 55 125 oC 
temperature, Ta TLC15401, TLC15411 —40 85 


NOTES: 2. Analog input voltages greater than that applied to REF + convert as all ‘’1’’s (11111111), while input voltages less than that 
applied to REF— convert as all ‘‘O’’s (QOQOOOOO0). For proper operation, REF + voltage must be at least 1 volt higher than 
REF — voltage. Also, the total unadjusted error may increase as this differential reference voltage falls below 4.75 volts. 

3. To minimize errors caused by noise at the chip select input, the internal circuitry waits for three System Clock cycles (or less) 
after a chip select falling edge is detected before responding to control input signals. Therefore, no attempt should be made 
to clock-in an address until the minimum chip select setup time has elapsed. 

4. This is the time required for the clock input signal to fall from Vjy min to Vi, max or to rise from Vj, max to Viy min. In 
the vicinity of normal room temperature, the devices function with input clock transition time as slow as 2 microseconds 
for remote data acquisition applications where the sensor and the A/D converter are placed several feet away from the controlling 
microprocessor. 
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TLC1540M, TLC15401, TLC1541M, TLO15411 
LinCMOS™ 10-BIT ANALOG-TO-DIGITAL PERIPHERALS 
WITH SERIAL CONTROL AND 11 INPUTS 


electrical characteristics over recommended operating temperature range, VCC = VREF+ = 4.75 V 
to 5.5 V (unless otherwise noted), fCLK(I/O) = 1.1 MHz, fCLK(SYS) = 2.1 MHz 


PARAMETER TEST CONDITIONS MIN Typt MAX | UNIT 


VOH High-level output voltage (pin 16) Voc = 4.75 V, loH = 360 uA 2.4 ae: 
I 
b 
} 
mM 
L 
m 


VOL Low-level output voltage Vcc = 4.75 V, . lo. = 3.2 mA O 


Off-state (high-impedance state) Vo = Vee: CS at Vcc 


lo 
Z Output current V = 0 cs V Hh) 
O ' aUVée 1 


IH High-level input current Vi = Vee 


ie Low-level input current Vv; = 0 


CS atO V 


Selected channel at Vcc, 
Unselected channel at O V 


Icc Operating supply current 


V 
V 
LA 
LA 
iA 
A 
iA 
A 
pF 


Analog inputs 
C Input Capacitance , 
Control inputs 


T All typical values are at Veo 5 VTA = 25°C, 
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TLC1540M, TLC15401, TLC1541M, TLC15411 
LinCMOS™ 10-BIT ANALOG-TO-DIGITAL PERIPHERALS 
WITH SERIAL CONTROL AND 11 INPUTS 


operating characteristics over recommended operating free-air temperature range, 
Vcc = VREF+ = 4.75 V to 5.5 V, fCLK(I/O) = 1.1 MHz, fCLK(SYS) = 2.1 MHz 


PARAMETER TEST CONDITIONS a. ere ee 
TLC1540 © 
Linearity error See Note 5 
TLC1541 
TLC1540 
Zero error See Notes 2 and 6 
TLC1541 
TLC1540 
See Notes 2 and 6 
TLC1541 
: TLC1540 
Total unadjusted error See Note 7 
TLC1541 
0111110100 1000001100 
Input A11 address = 1011 (See Note 8) 
(500) (524) 


See Operating Sequence 


tacq Channel acquisition time (sample cycle)| See Operating Sequence 


Time output data remains valid 
ee ee 
Delay time, 1/0 clock! 


tdis Output disable time 
tr(bus) Data bus rise time 


tf(bus) Data bus fall time 


Full-scale error 


Self-test output code 


Conversion time 


tconv 
Total access and conversion time 


See Parameter 
Measurement 


Information 


NOTES: 2. Analog input voltages greater than that applied to REF + convert to all ‘’1’’s (11111111), while input voltages less than that 

applied to REF— convert to all’‘O’’s (QOQOOOOOO). For proper operation, REF + voltage must be at least 1 volt higher than 
REF — voltage. Also, the total unadjusted error may increase as this differential reference voltage falls below 4.75 volts. 

5. Linearity error is the maximum deviation from the best straight line through the A/D transfer characteristics. 

6. Zero error is the difference between OOOO0O0O000 and the converted output for zero input voltage; full-scale error is the difference 
between 11111111 and the converted output for full-scale input voltage. 

7. Total unadjusted error comprises linearity, zero, and full-scale errors. 

8. Both the input address and the output codes are expressed in positive logic. The A11 analog input signal is internally generated 
and is used for test purposes. 
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TLC€1540M, TLC15401, TLC1541M, TLC15411 
LinCMOS™ 10-BIT ANALOG-TO-DIGITAL PERIPHERALS 
WITH SERIAL CONTROL AND 11 INPUTS 


PARAMETER MEASUREMENT INFORMATION 


1.4V 


VEC 
3kQ 3kQ 
OUTPUT TEST OUTPUT RAS pe OUTPUT FOS aan 
UNDER TEST POINT UNDER TEST UNDER TEST 
CL CL 3k CL 
(SEE NOTE A) “ (SEE NOTE A) ail 1 (SEE NOTE A) 

F (SEE NOTE B) (SEE NOTE B) 2? 

i) 

LOAD CIRCUIT FOR LOAD CIRCUIT FOR LOAD CIRCUIT FOR = 

tq, tr, AND tr tpzH AND tpyz tpz_ AND tp, z @ 

ales 

Vee ep) 

cs \ fsox & 

sare Nar Psa es 
SYSTEM 
CLOCK 

Vv 
OUTPUT cc 

WAVEFORM 1 
(SEE NOTE C) 


OUTPUT 90% VOH 
WAVEFORM 2 50% 
(SEE NOTE C) aS 
1/0 
pipe te og thee) woe 7 Saket hau 
OUTPUT 


DATA 
OUTPUT 


VOLTAGE WAVEFORM FOR DELAY TIME VOLTAGE WAVEFORM FOR 
RISE AND FALL TIMES 


NOTES: A. Cy = 50 pF 
B. ten = tPZH OF tPZL, tdis = tPHZ OF tPLz- 
C. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 
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TLO1540M, TLO15401, TLC1541M, TLC15411 
LinCMOS™ 10-BIT ANALOG-TO-DIGITAL PERIPHERALS 
WITH SERIAL CONTROL AND 11 INPUTS 


principles of operation 


sjeeus eleg HS) 


The TLC1540 and TLC1541 are complete data acquisition systems on single chips. Each includes such 
functions as sample-and-hold, 10-bit A/D converter, data and control registers, and control logic. For 
flexibility and access speed, there are four control inputs; Chip Select (CS), Address Input, 
I/O Clock, and System Clock. These control inputs and a TTL-compatible three-state output are intended 
for serial communications with a microprocessor or microcomputer. The TLC1540 and TLC1541 can 
complete conversions in a maximum of 21 microseconds, while complete input-conversion-output cycles 
can be repeated at a maximum of 31 microseconds. 


The System and |/O Clocks are normally used independently and do not require any special speed or phase 
relationships between them. This independence simplifies the hardware and software control tasks for 
the device. Once a clock signal within the specification range is applied to the System Clock input, the 
control hardware and software need only be concerned with addressing the desired analog channel, reading 
the previous conversion result, and starting the conversion by using the I/O Clock. The System Clock will 
drive the ‘‘conversion crunching” circuitry so that the control hardware and software need not be concerned 
with this task. 


When CS is high, the Data Output pin is in a three-state condition and the Address Input and !/O Clock 
pins are disabled. This feature allows each of these pins, with the exception of the CS pin, to share a 
control logic point with their counterpart pins on additional A/D devices when additional TLC 1540/1541 
devices are used. In this way, the above feature serves to minimize the required control logic pins when 
using multiple A/D devices. 


The control sequence has been designed to minimize the time and effort required to initiate conversion 
and obtain the conversion result. A normal control sequence is: 


1. CS is brought low. To minimize errors caused by noise at the CS input, the internal circuitry waits 
for two rising edges and then a falling edge of the System Clock after a low CS transition, before the 
low transition is recognized. This technique is used to protect the device against noise when the 
device is used in a noisy environment. The MSB of the previous conversion result will automatically 
appear on the Data Out pin. 

2. Anew positive-logic multiplexer address is shifted in on the first four rising edges of the I/O Clock. 
The MSB of the address is shifted in first. The negative edges of these four I/O Clock pulses shift 
out the second, third, fourth, and fifth most significant bits of the previous conversion result. The 
on-chip sample-and-hold begins sampling the newly addressed analog input after the fourth falling 
edge. The sampling operation basically involves the charging of internal capacitors to the level 
of the analog input voltage. 

3. Five clock cycles are then applied to the I/O pin and the sixth, seventh, eighth, ninth, and tenth 
conversion bits are shifted out on the negative edges of these clock cycles. 

4. The final tenth clock cycle is applied to the |/O Clock pin. The falling edge of this clock cycle 
completes the analog sampling process and initiates the hold function. Conversion is then performed 
during the next 44 System Clock cycles. After this final 1/O Clock cycle, CS must go high or the 
1/O Clock must remain low for at least 44 System Clock cycles to allow for the conversion function. 


CS can be kept low during periods of multiple conversion. When keeping CS low during periods of multiple 
conversion, special care must be exercised to prevent noise glitches on the I/O Clock line. If glitches occur 
on the I/O Clock line, the 1/O sequence between the microprocessor/controller and the device will lose 
synchronization. Also, if CS is taken high, it must remain high until the end of the conversion. Otherwise, 
a valid falling edge of CS will cause a reset condition, which will abort the conversion in progress. 


A new conversion may be started and the ongoing conversion simultaneously aborted by performing steps 
1 through 4 before the 44 System Clock cycles occur. Such action will yield the conversion result of the 
previous conversion and not the ongoing conversion. 
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TLC1540M, TLC15401, TLC1541M, TLO15411 
LinCMOS™ 10-BIT ANALOG-TO-DIGITAL PERIPHERALS 
WITH SERIAL CONTROL AND 11 INPUTS 


principles of operation (continued) 


It is possible to connect the System and I/O Clock pins together in special situations in which controlling 
circuitry points must be minimized. In this case, the following special points must be considered in addition 
to the requirements of the normal contro! sequence previously described. 


1. When CS is recognized by the device to be at a low level, the common clock signal is used as 
an I/O Clock. When CS is recognized by the device to be at a high level, the common clock signal 
is used to drive the ‘‘conversion crunching” circuitry. 

2. The device will recognize a CS low transition only when the CS input changes and subsequently 
the System Clock pin receives two positive edges and then a negative edge. For this reason, after 
aCs negative edge, the first two clock cycles will not shift in the address because a low CS must 
be recognized before the I/O Clock can shift in an analog channel address. Also, upon shifting in 
the address, CS must be raised after the eighth I/O Clock that has been recognized by the device, 
so that a CS low level will be recognized upon the lowering of the tenth I/O Clock signal that is 
recognized by the device. Otherwise, additional common clock cycles will be recognized as |/O 
Clock pulses and will shift in an erroneous address. 


For certain applications, such as strobing applications, it is necessary to start conversion at a specific point 
in time. This device will accommodate these applications. Although the on-chip sample-and-hold begins 
sampling upon the negative edge of the fourth I/O Clock cycle, the hold function is not initiated until the 
negative edge of the tenth I/O Clock cycle. Thus, the control circuitry can leave the I/O Clock signal in 
its high state during the tenth I/O Clock cycle until the moment at which the analog signal must be converted. 
The TLC1540/TLC1541 will continue sampling the analog input until the tenth falling edge of the |/O Clock. 
The control circuitry or software will then immediately lower the I/O Clock signal and hold the analog signal 
at the desired point in time and start conversion. 


Data Sheets B® 


Detailed information on interfacing to most popular microprocessors is readily available from the factory. 
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High Degree of Linearity 
High On-Off Output Voltage Ratio 


Low Crosstalk Between Switches 


Low On-State Impedance... 50 { Typ at 
Vec = 9V 


Individual Switch Controls 


Extremely Low Input Current 


description 


The TLC4016 is a silicon-gate CMOS quadruple 
analog switch designed to handle both analog 


TLE4016M, TLC40161 


SILICON-GATE CMOS QUADRUPLE BILATERAL ANALOG SWITCH 


D2922, JANUARY 1986—REVISED OCTOBER 1988 


TLC4016M .. . J OR N PACKAGE 
TLC4016!... DOR N PACKAGE 


(TOP VIEW) 


1C 


2 


and digital signals. Each switch permits signals 1A Y 
with amplitudes up to 12 V peak to be an SY 
transmitted in either direction. afr r= 
Each switch section has its own enable input 3C ” 
control. A high-level voltage applied to this 3A & 
control terminal turns on the associated switch Ac 4) 
section. aA 2 
mp HeEtons i ei abana! ese SHOPPING: TThis symbol is in accordance with ANSI/IEEE Std 91-1984 and 
modulation or demodulation (modem), and signal IEC Publication 617-12. 
multiplexing for analog-to-digital and digital-to- 
analog conversion systems. 
The TLC4016M is characterized for operation 
from —55°C to 125°C, and the TLC4016I is 
characterized from —40°C to 85°C. 
logic diagram (positive logic) 
A 
Voc 
c op. o— > ie ° 
PRODUCTION DATA documents contain information . Copyright © 1986, Texas Instruments Incorporated 
current as of publication date. Products conform to 43 
ae agen per te tenes of Texas ie gee TEXAS 2-209 
standard warranty. Production processing does not 2 
necessarily include testing of all parameters. INSTRUMENTS 
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TLC4016M, TLC40161 
SILICON-GATE CMOS QUADRUPLE BILATERAL ANALOG SWITCH 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


supply voltage: range (see Note-T) ¢5.... .. oe or ee POS aie See ee —-O.5Vto 15 V 
COntrol-input cicce-curfent ay |< Onen wt >: VOR. os sn. + eee ks ek ee ia +20 mA 
Hi: Pett Giomme trent Ue ae er ve te VCC) So oe dtste Ae cscs 3 ED he Ss CO ares +20 mA 
On-state switch: currenteiviig = O16 MCC) . oi Sng Oh. Vs Oia ere Abetiees +25 mA 
CORTOUGUS GUITenT IntGmunT VCC OF GNEDDINS “05. e201 ss . come tn » aa ee +50 mA 
COPNUGUS Totalaliesi Pate solr leet a ey Vc ek gyn ee as pleas see Dissipation Rating Table 
Operating free-air temperature range: TLC4016M ........................ 95 tO Leo G 

Woe . os. a one so poy dene ea eal -AOSC to 8heC 
SEU Letairat eee Merino rag) ot Mal ie Gob Side x ee eR ORS Rt ee =o. 10° 1 50 CC 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: D or N package......... 260°C 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: J package ............. 300 °C 


NOTE 1: Alli voltages are with respect to ground unless otherwise specified. 


DISSIPATION RATING TABLE 


Tg.= 25°C DERATING FACTOR Ta = 70°C Ta = 85°C Ta = 125°C 
POWER RATING ABOVE Tg = 25°C POWER RATING POWER RATING POWER RATING 


PACKAGE 


950 mW 7.6 mW/°C 608 mW 
1375 mW 11.0 mW/°C 880 mW 
1150 mW 9.2 mW/°C 736 mW 


recommended operating conditions 


MIN NOM MAX 
Supply voltage, Vcc 5 ed 


UNIT 
Vv 


| 
on 


1/0 port voltage, Vijo ” 6) Vec 
Vcc = 2V 1.5 Vcc 
Vv = 4.5V 3.15 Vv 

High-level input voltage, Vj} ce CC 
Vcc = 9V 6.3 VCC 


Vec = 12 V 


Low-level input voltage, Vi, 


1000 
Input rise time, t, 


= 
n 


afedef< |< [4B 


1000 


Input fall time, t¢ 


| : TLC4016M —=2 = 
Operating free-air temperature, Ta TLC4016I 


TWith supply voltages at or near 2 V, the analog switch on-state resistance becomes very nonlinear. It is recommended that only digital 
signals be transmitted at these low supply voltages. 


© | < 
olo O|h 
on i 
ro) S aa reas O10 
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TLC4016M, TLC40161 
SILICON-GATE CMOS QUADRUPLE BILATERAL ANALOG SWITCH 


electrical characteristics over recommended operating free-air temperature range (unless otherwise 
noted). 


TLC4016M TLC40161 
PARAMETER TEST CONDITIONS Vcc UNIT 
MIN TYPt MAX | MIN TYPt MAX 
Is 


= 1mA, 100 220 100 200 
VA = 0 to Vcc, 50__120 


See Figure 1 


On-state switch 


r 
Son resistance Ig = 1 mA, 


Va = Oor Vcc. 


See Figure 1 


On-state switch 


VA = Oto Vcc, 
See Figure 1 


V; = Oor Vcc 


V; = Oor Vcc. pA 
Tr = 26°C 6 +0.1 = 


+10 +600 +10 +600 
Vs-= £VCc: nA 


resistance matching 


Control input current 


Off-state switch 


| 
Soff leakage current 


See Figure BP +15 +800 +15 +800 


On-state switch 
ISon 


leakage current 


Icc Supply current 


A 

Cj Input capacitance 
Feedthrough 

Capacitance 


TAIl typical values are at Ta = 25°C. 


” 
J 
® 
® 
a 
7p) 
14°] 
~ 
© 
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TLC4016M, TLC40161 
SILICON-GATE CMOS QUADRUPLE BILATERAL ANALOG SWITCH 


switching characteristics over recommended operating free-air temperature range, CL = 50 pF (unless 
otherwise noted) 


TLC4016M TLC40161 
PARAMETER TEST CONDITIONS MIN = MAX MIN TYP? MAX UNIT 
Propagation delay time, 4.5 V 
tod se : See Figure 4 Bees ns 
ton Switch turn-on time : Lee 
”) Saree Sane 
O Switch turn-off time L : | aay ns 
3 Br cae A MS 
@O Control feedthrough voltage 
V See Figure 7 350 mV 
(4) OCF(PP) 
4 to any switch, peak to peak 
~ Frequency at which crosstalk 
attenuation between any two| See Figure 8 1 MHz 
switches equals 50 dB 
TAIl typical values are at Ta = 25°C. 
PARAMETER MEASUREMENT INFORMATION 
Vcc 
VECESS TEST 
SWITCH 
VA 
FIGURE 1. TEST CIRCUIT FOR ON-STATE RESISTANCE 
Vcc 
Vv; = 0 
TEST Vv 
SWITCH B 
VA 
IS(off)—> 
Vs = Va — VB 
CONDITION 1: Va = 0. Vg = Vcc 
CONDITION 2: Va = Vcc. VB = O 
FIGURE 2. TEST CIRCUIT FOR OFF-STATE SWITCH LEAKAGE CURRENT 
T 4 
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TLC4016M, TLC40161 
SILICON-GATE CMOS QUADRUPLE BILATERAL ANALOG SWITCH 


PARAMETER MEASUREMENT INFORMATION 


Vcc 


TEST 
SWITCH 


VA 
FIGURE 3. TEST CIRCUIT FOR ON-STATE SWITCH LEAKAGE CURRENT 
Vcc 2 
® 
® 
se mH TEST rs 
. SWITCH Vo 7 
50 pF 
~ 
= of 
TEST CIRCUIT Q 


VOLTAGE WAVEFORMS 


FIGURE 4. PROPAGATION DELAY TIME, SIGNAL INPUT TO SIGNAL OUTPUT 


f i 
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TLC4016M, TLC4016! 
SILICON-GATE CMOS QUADRUPLE BILATERAL ANALOG SWITCH 


PARAMETER MEASUREMENT INFORMATION 


Vee 


TEST CIRCUIT 


sj90UsS e}eGg al 


VOLTAGE WAVEFORMS 


FIGURE 5. SWITCHING TIME (tpz,. tpLz), CONTROL TO SIGNAL OUTPUT 
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TLC4016M, TLC40161 
SILICON-GATE CMOS QUADRUPLE BILATERAL ANALOG SWITCH 


PARAMETER MEASUREMENT INFORMATION 


Vcc 


Data Sheets ae 


VOLTAGE WAVEFORMS 


FIGURE 6. SWITCHING TIME (tpZH, tpHz), CONTROL TO SIGNAL OUTPUT 
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TLC4016M, TLC40161 
SILICON-GATE CMOS QUADRUPLE BILATERAL ANALOG SWITCH 


PARAMETER MEASUREMENT INFORMATION 


Vcc 


0 
® 
o> 
0) 
wn 
—_ 
9°) 
4) 
w VOCF(PP) 

VOLTAGE WAVEFORMS 

FIGURE 7. CONTROL FEEDTHROUGH VOLTAGE 
Vcc 
FIGURE 8. CROSSTALK BETWEEN ANY TWO SWITCHES, TEST CIRCUIT 
U 
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High Degree of Linearity 
High On-Off Output Voltage Ratio 
Low Crosstalk Between Switches 


Low On-State Impedance... 30 0 Typ at 


Vcc = 12 V 
individual Switch Controls 
Extremely Low Input Current 


Functionally Interchangeable with National 
Semiconductor MM54/74HC4066, Motorola 
MC54/74HC4066, and RCA CD4066A 


description 


The TLC4066 is a silicon-gate CMOS quadruple 
analog switch designed to handle both analog 
and digital signals. Each switch permits signals 
with amplitudes up to 12 V peak to be 
transmitted in either direction. 


Each switch section has its own enable input 
control. A high-level voltage applied to this 
control terminal turns on the associated switch 
section. 


Applications include signal gating, chopping, 
modulation or demodulation (modem), and signal 
multiplexing for analog-to-digital and digital-to- 
analog conversion systems. 


The TLC4066M is characterized for operation 


from -—55°C to 125°C. The TLC4066I is 
characterized from —40°C to 85°C. 


logic diagram (positive logic) 


PRODUCTION DATA documents contain information 
current as of publication date. Products conform to 
specifications per the terms of Texas Instruments 
standard warranty. Production processing does not 
necessarily include testing of all parameters. 
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SILICON-GATE CMOS QUADRUPLE BILATERAL ANALOG SWITCH 


TLC4066M ... J OR N PACKAGE 
TLC4066! .... DORN PACKAGE 


(TOP VIEW) 


1C 
1A 
2C 
2A 
3C 
3A 
4c 
4A 


NO id 
Le ©) ie) 


© 
WwW 
wo 


T This symbol is in accordance with ANSI/IEEE Std 91-1984 and 


IEC Publication 617-12. 
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TLC4066M, TLC4066I 
SILICON-GATE CMOS QUADRUPLE BILATERAL ANALOG SWITCH 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


DUBINY VOMeGge. tande ‘(see Note Fy 505.508. 6 i ea Ss A a eae Ae —0.5V to 15 V 
Control-inputcioue curent (vies Gori r> Vee) 2.22200. . l.. 5 Sees Co a ee ae eee +20 mA 
VO" pert Gage cutters | wales OT Vie ce WICC) Go oi Saisie sleet ee he 4 latera eet eae +20 mA 
On-state: switcn.currenGivyo: =. 0 torVec)... 5 c.g es. 2 pee Ran beaten +25 mA 
CONTINUOUS Current thratign “CG OrqaN pins. -... 4s. fe 6 ee ee os RS +50 mA 
ConTmuous tora wiecibatmees-.:.') > Sats. & Oe ME ra ae ce eS see Dissipation Rating Table 
Operating free-air temperature: TLC40OGGM.. 2... Bhi pet ee ee es = 90 «to 125°C 

TIA OO... laasty A dur at eo ae aia —40°C to 85°C 
TOPO ARM EOINITO CONGO etihek anc PIS Fae ie Ons oe en oes Ee -—65°C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: D or N package......... 260°C 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: J package............. 200°C 


NOTE 1: All voltages are with respect to ground unless otherwise specified. 


DISSIPATION RATING TABLE 


Ta < 25°C  DERATINGFACTOR- Ta = 70°C Ta = 85°C Ta = 125°C 
POWER RATING ABOVE Ta = 25°C POWERRATING POWER RATING POWER RATING 


PACKAGE 


950 mW 7.6 mW/°C 
1375 mW 11.0 mW/°C 
1150 mW 9.2 mW/°C 


recommended operating conditions 


Supply voltage, Vcc ma 5 12 
I/O port voltage, Vi/jo 0 Vcc 


Vec = 2M 1.5 Vcc 
Vcc = 4.5 V 3.15 Vec ? 


High-level input voltage, VjpH 


Vec = 9V 6.3 Vcc 


Vec = 12 V 8.4 Vcc 
Veo = 2V 
eer EO gteua ey 

CE Vv 


Low-level input voltage, Vi. 


Voc = 9V 
Veo = 12 


Vec = 2¥V 1000 
Voc = 45 ns 


Vec = 9V 400 


Vee = 2V 
ieee ns 


Input rise time, t, 


Input fall time, tr 
Vec = 9V 400 


BGS Sra aes TLC4066M ~ 55 Al eee 
perating tree-air temperature, |A TLC4066I AQ 85 


TWith supply voltages at or near 2 V, the analog switch on-state resistance becomes very nonlinear. It is recommended that only digital 
signals be transmitted at these low supply voltages. 
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TLC4066M, TLC4066I 
SILICON-GATE CMOS QUADRUPLE BILATERAL ANALOG SWITCH 


electrical characteristics over recommended operating free-air temperature range (unless otherwise 
noted) 


PARAMETER TEST CONDITIONS Vv sEeapee Ui eat UNIT 
CC | mIN Typt MAX | MIN TyPt MAX 
wie 


mm 


ree = Oto Vcc, 


See Figure 1 


On-state switch 


r 
SON resistance Is = 1 mA, 


Va = OorVcc., 
See Figure 1 


On-state switch Va = Oto Vcc, 
resistance matching See Figure 1 


Control input current 


nA 
See es Spree era 
ISon 2 aaa a oe fe 
crag 
1A 
2Vi0 
pF 


2 V to 
5 pF 
2A: 


Off-state switch 
leakage current 


Vs = +VcC, 


| 
Soff See Figure 2 


V 
Icc Supply current 


Input capacitance bre peaeaemcrass 
ee awe 

AtoB 
capacitance 


Tall typical values are at Ta = 25°C. 


lo = 0 
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TLC4066M, TLC4066 
SILICON-GATE CMOS QUADRUPLE BILATERAL ANALOG SWITCH 


switching characteristics over recommended operating free-air temperature range, CL = 50 pF (unless 
otherwise noted) 


PARAMETER TEST CONDITIONS V pieces Rese UNIT 
cc | min typt max | MIN TyPt MAX 
25 75 15 30 
tod ti : See Figure 4 4.8 ns 
Ato Bor Bto A 
32: 150 32 24> 426 
7 | RL = 1kQ, 
ton Switch turn-on time ns 
See Figures 5 and 6 6.15 
2 
45 252 45 210 
. RL = 1kQ, 1554 ee 
O Switch turn-off time . ns 
9) See Figures 5 and 6 10 48 10 40 
ot 838 
Switch cutoff frequency 
—D = | ico MHz 
wn ichannel loss = 3 48) 
oO Control feedthrough voltage é 
VOCF(PP) See Figure 7 4.5V 350 350 mV 
@ to any switch, peak to peak 
D Frequency at which crosstalk 
attenuation between any two Bsy 1 


switches equals 50 dB 


TAIl typical values are at Ta = 25°C. 


PARAMETER MEASUREMENT INFORMATION 


Vcc 


TEST 
SWITCH 


Vcc 


TEST 
SWITCH 


IS(off) > 


Vs. = Van NG 
CONDITION 1: Va = O, Vg = Vcc 
CONDITION 2: Va = Vcc. Vg = 0 


FIGURE 2. TEST CIRCUIT FOR OFF-STATE SWITCH LEAKAGE CURRENT 


4 
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TLC4066M, TLC40661 
SILICON-GATE CMOS QUADRUPLE BILATERAL ANALOG SWITCH 


PARAMETER MEASUREMENT INFORMATION 


Vcc 


TEST 
SWITCH 


Vcc 


TEST 
SWITCH 


TEST CIRCUIT 


VOLTAGE WAVEFORMS 


FIGURE 4. PROPAGATION DELAY TIME, SIGNAL INPUT TO SIGNAL OUTPUT 


i 
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TLC4066M, TLC40661 
SILICON-GATE CMOS QUADRUPLE BILATERAL ANALOG SWITCH 


sjaayus ejeg re 


PARAMETER MEASUREMENT INFORMATION 


Vcc 


Vj 


TEST 
SWITCH 1 
(1 OF 4) 


TEST CIRCUIT 


Vi 


| 
ANGE. Piel = tPZL toff = tpLZ—tq———_p 


VOLTAGE WAVEFORMS 


FIGURE 5. SWITCHING TIME (tpz2:. tpLz), CONTROL TO SIGNAL OUTPUT 


2-222 


TEXAS 4 


INSTRUMENTS 


POST OFFICE BOX 655012 * DALLAS, TEXAS 75265 


TLC4066M, TLC40661 
SILICON-GATE CMOS QUADRUPLE BILATERAL ANALOG SWITCH 


PARAMETER MEASUREMENT INFORMATION 


Vcc 


TEST 


SWITCH 1 
od ee 


VOH 


VOLTAGE WAVEFORMS 


FIGURE 6. SWITCHING TIME (tpzH, tpHz), CONTROL TO SIGNAL OUTPUT 
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TLC4066M, TLC40661 
SILICON-GATE CMOS QUADRUPLE BILATERAL ANALOG SWITCH 


PARAMETER MEASUREMENT INFORMATION 


Vcc 


Vi 


TEST 
SWITCH 1 
(1 OF 4) 


O 
® 
ot 
® 
” 
~ 2 
@ 
@ 
w VOCF(PP) 
VOLTAGE WAVEFORMS 
FIGURE 7. CONTROL FEEDTHROUGH VOLTAGE 
Véc 
NOTE: ADJUST f for ax = ~92 = 50 aB. 
Vo1 
FIGURE 8. CROSSTALK BETWEEN ANY TWO SWITCHES, TEST CIRCUIT 
U 
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TLO7524 
Advanced LinCMOS™ 8-BIT MULTIPLYING 
DIGITAL-TO-ANALOG CONVERTER 


D3008, SEPTEMBER 1986—REVISED OCTOBER 1988 


@® Advanced LinCMOS”™ Silicon-Gate D OR N PACKAGE 
Technology (TOP VIEW) 


Easily Interfaced to Microprocessors 
On-Chip Data Latches 


Monotonic over the Entire A/D Conversion 
Range 


@® Segmented High-Order Bits Ensure Low- 
Glitch Output 


@ Designed to be Interchangeable with Analog 
Devices AD7524, PMI PM-7524, and Micro 


FN PACKAGE 
Power Systems MP7524 (TOP VIEW) p 
@ Fast Control Signaling for Digital Signal ist » 
Processor Applications Including Interface eye scey: eas @ 
, OG fe 
with TMS320 lee 
PE | Cad ge SD iy) EB gy Set 
3 2 12019 dp) 
18 
re a : 2BD £ 
Resolution 8 Bits DB7 [5 1éf WR © 
Linearity error Y2 LSB Max NC [6 sf] NC a 
Power dissipation 6 mWM DB6 |)? cS 
at Vpp = 5 V a i ge pB5 8 14(] DBO 
Settling time 100 ns Max 
Propagation delay 80 ns Max p ne 4 rs. 7 
o:o A0 
NC —No internal connection 
description 
The TLC7524 is an Advanced LinCMOS™ 8-bit digital-to-analog converter (DAC) designed for easy interface 
to most popular microprocessors. 
The TLC7524 is an 8-bit multiplying DAC with input latches and with a load cycle similar to the ‘‘write’’ 
cycle of a random access memory. Segmenting the high-order bits minimizes glitches during changes in 
the most-significant bits, which produce the highest glitch impulse. The TLC7524 provides accuracy to 
¥Y%2 LSB without the need for thin-film resistors or laser trimming, while dissipating less than 5 milliwatts 
typically. 
Featuring operation from a 5-V to 15-V single supply, the TLC 7524 interfaces easily to most microprocessor 
buses or output ports. Excellent multiplying (2 or 4 quadrant) makes the TLC7524 an ideal choice for many 
microprocessor-controlled gain-setting and signal-control applications. 
The TLC7524l is characterized for operation from —25°C to 85°C, and the TLC7524C is characterized 
for operation from O°C to 70°C. 
Advanced LinCMOS is a trademark of Texas Instruments Incorporated. 
PRODUCTION DATA documents contain information ° Copyright © 1986, Texas Instruments Incorporated 
current as of publication date. Products conform to i] 
a ov on = _— of Texas Nong oni TEXAS 9-295 
tandard warranty. Production processin oes no - 
natpientily include testing of all parse etare: INSTRUM ENTS 
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TLO7524 
Advanced LinCMOS™ 8-BIT MULTIPLYING 
DIGITAL-TO-ANALOG CONVERTER 


functional block diagram 


VppD 


RFB 


OUT1 


OUT2 


GND 


sjaous e1eg BS) 


DATA INPUTS 


operating sequence 


ee CSI a es a thiCs) 
l 


| | 
cs \ | / 
| 
¢—  tw(wR)———_> 
| | 


| 
ke [REMEeeres ee | 
}¢—tsu(D) —> 


i th(D) 


i, 
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TLO7524 
Advanced LinCMOS™ 8-BIT MULTIPLYING 
DIGITAL-TO-ANALOG CONVERTER 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


SOI MOMBOGL NADY. <3: otatemasee eae 5 sss af 5's Sua ek oe ae eae oka -—0.3 V to 16.5 V 
Distal erenaere. Vi). eneeeiaitate ds ir ass tk ade ee -0.3 V to Vpp +0.3 V 
POP eee yen ett eG. Ua an nie Ss s&s Calks tow etedeee Sap ct » soa wee ee wed eta £25 ¥ 
Peare CONCH CEL IPE SOUULPGITE SND oc. sel eies B NED elitr, Ooh ne + oe a Ry a el ohn Se gig he we alin wl 59 ENO 10 pA 
Operating free-air temperature ranges. TLC 75241... ERG ee — 25°C to 85°C 

MS PORE eg koa ak uo se PEE ene ho 0°C to 70°C 
woweoo teinpersuire range". of Svc ee eee ER aly se eee bs -—65°C to 150°C 
Cease temperature for-10-seconds:-N package... .-. oo we Sere de Ve as 260°C 


Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: D or N package ........ 


NO 


recommended operating conditions 


Vpp = 5V Vpp = 15 V 
MIN NOM MAX MIN NOM MAX 


Supply voltage, Vpp 


Data Sheets 


electrical characteristics over recommended operating free-air temperature range, Vref = +10 V, 
OUT1 and OUT2 at GND (unless otherwise noted) 
U 
TYP MAX | MIN. TYP MAX unit 
; 
: 
n 
m 


DBO-DB7 atO V, WR, CS at OV, 
OUT1 +400 +200 


Output leakage 
current 


likg 


DBO-DB7 at Vpp, WR, CS at 0 V, 
OUT2 +400 +200 
Vref = + 10 V 
aE PPS. 
AVpp = £10% 0.01 0.16] 0.005 0.04 | ESRI 
: 


5 
Co Output capacitance Bus emrat be 
OUT2 | WR and TS at 0 V 


OUT1 
c. Output capacitance (OUT! | DB0-DB7 at Vop, 
° ouT2 | WR and 65 at OV 


Reference input impedance 5 
(Pin 15 to GND) 


NIT 
A 
A 
A 
A 

pF 

pF 
kQ 
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TLO7524 
Advanced LinCMOS™ 8-BIT MULTIPLYING 
DIGITAL-TO-ANALOG CONVERTER 


operating characteristics over recommended operating free-air temperature range, Vref = +10 V, 
OUT1 and OUT2 at GND (unless otherwise noted) 


PARAMETER TEST CONDITIONS “op 24 You: 5 1RY 
MIN TYP MAX | MIN. TYPT MAX 


UNIT 
ibadivens: is of, keh ele ee Se 

LSB 

ns 


Fgomeme CS: SpeNw 1 pa beet eect ger von eee | Lee, 
Setting time (to ¥ USE) 160 [ns _| 
0.5 


Propagation delay from 
digital input to 90% of See Note 2 
final analog output current 
Vref = +10 V (100-kHz sinewave) 
Feedth h at OUT1 or OUT2 Bai has a: 0.5 %FSR 
2 Peete sore : WR and CS at 0 V, DBO-DB7 at 0 V 


Temperature coefficient of gain | Ta = 25°C to MAX %FSR/° 


NOTES: 1. Gain error is measured using the internal feedback resistor. Nominal Full Scale Range (FSR) = Vref — 1 LSB. 
2. OUT1 load = 100 Q, Cext = 13 pF, WR at O V, CS at O V, DBO-DB7 at O V to Vpp or Vp to O V. 


oO 


principles of operation 


The TLC7524 is an 8-bit multiplying D/A converter consisting of an inverted R-2R ladder, analog switches, 
and data input latches. Binary weighted currents are switched between the OUT1 and OUT2 bus lines, 
thus maintaining a constant current in each ladder leg independent of the switch state. The high-order 
bits are decoded and these decoded bits, through a modification in the R-2R ladder, control three equally 
weighted current sources. Most applications only require the addition of an external operational amplifier 
and a voltage reference. 


The equivalent circuit for all digital inputs low is seen in Figure 1. With all digital inputs low, the entire 
reference current, lraf, is switched to OUT2. The current source |/256 represents the constant current 
flowing through the termination resistor of the R-2R ladder, while the current source lIkg represents leakage 
currents to the substrate. The capacitances appearing at OUT1 and OUT2 are dependent upon the digital 
input code. With all digital inputs high, the off-state switch capacitance (30 pF maximum) appears at OUT2 
and the on-state switch capacitance (120 pF maximum) appears at OUT1. With all digital inputs low, the 
situation is reversed as shown in Figure 1. Analysis of the circuit for all digital inputs high is similar to 
Figure 1; however, in this case, lref would be switched to OUT1. 


Interfacing the TLC7524 D/A converter to a microprocessor is accomplished via the data bus and the CS 
and WR control signals. When CS and WR are both low, the TLC7524 analog output responds to the data 
activity on the DBO-DB7 data bus inputs. In this mode, the input latches are transparent and input data 
directly affects the analog output. When either the CS signal or WR signal goes high, the data on the 
DBO-DB7 inputs are latched until the CS and WR signals go low again. When CS is high, the data inputs 
are disabled regardless of the state of the WR signal. 


The TLC7524 is capable of performing 2-quadrant or full 4-quadrant multiplication. Circuit configurations 
for 2-quadrant or 4-quadrant multiplication are shown in Figures 2 and 3. Input coding for unipolar and 
bipolar operation are summarized in Tables 1 and 2, respectively. 
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principles of operation (continued) 


OUT1 


likg t a3 30 pF 


lef —> 


REF OUT2 
- 120 pF 2 
= = = ) 
FIGURE 1. TLC7524 EQUIVALENT CIRCUIT WITH ALL DIGITAL INPUTS LOW = 
ea 
Vref VYVpbpD “” 
© 
Ra = 2kQ s 
(See Note 3) Q 
C (See Note 4) 
osoos7[ > 
NYS OUTPUT 
CS 
WR 
FIGURE 2. UNIPOLAR OPERATION (2-QUADRANT MULTIPLICATION) 
Vref VpD 
Ra = 2k? 
(See Note 3) 
Cc 
(See Note 4) OUTPUT 
cs 
WR 
FIGURE 3. BIPOLAR OPERATION (4-QUADRANT OPERATION) 
NOTES: 3. Ra and Rp used only if gain adjustment is required. 
4. C phase compensation (10-15 pF) is required when using high-speed amplifiers to prevent ringing or oscillation. 
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principles of operation (continued) 
TABLE 1. UNIPOLAR BINARY CODE TABLE 2. BIPOLAR (OFFSET BINARY) CODE 


DIGITAL INPUT 
(SEE NOTE 5) ANALOG OUTPUT 


DIGITAL INPUT 
(SEE NOTE 6) ANALOG OUTPUT 
MSB LSB 


11111111 Vref (127/128) 
10000001 Vref (1/128) 


11111111 —Vref (255/256) 


: 10000001 ~ Vref (129/256) 

10000000 —Vref (128/256) = —Vre4/2 
01111111 ~ Vref (127/256) 

00000001 — Vref (1/256) 

00000000 0 


10000000 0 
01111111 —Vre¢ (1/128) 
00000001 ~Vre¢ (127/128) 
00000000 =Meee 


NOTES: 5. LSB = 1/256 (Vey). 


O 6. LSB = 1/128 (Vyes). 
® 
o~+ a e 
© microprocessor interfaces 
~ 
> 
> DATA BUS 
esate 
i?) 
DBO-DB7 
pas WR TLC7524 
cs 
DECODE 
LOGIC 
ADDRESS BUS 
FIGURE 4. TLC7524—2-80A INTERFACE 
DATA BUS 
DBO-DB7 
= OUT1 
ae WR TLC7524 
se OUT2 
cs 
DECODE 
LOGIC 
ADDRESS BUS 
FIGURE 5. TLC7524—6800 INTERFACE 
U 
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microprocessor interfaces (continued) 


ADDRESS BUS Pi ti 


DECODE 
LOGIC 


cs 
WR TLC7524 


DBO-DB7 


ADDRESS/DATA BUS 


FIGURE 6. TLC7524— 8051 INTERFACE 
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TYPICAL APPLICATION DATA 
voltage-mode operation 


It is possible to operate the TLC7524 current multiplying D/A converter in a voltage mode. In the voltage 
mode, a fixed voltage is placed on the current output pin. The analog output voltage is then available at 


the reference voltage pin. Figure 7 is an example of a current multiplying D/A, which is operated in voltage 
mode. 


REF (ANALOG OUTPUT VOLTAGE) 


OUT1 (FIXED INPUT VOLTAGE) 
OUT2 


FIGURE 7. VOLTAGE MODE OPERATION 


sje0us e1eq BS 


The relationship between the fixed input voltage and the analog output voltage is given by the following 
equation: 


Vo = V| (D/256) 


where 
Vo = analog output voltage 
V| = fixed input voltage 
D = digital input code converted to decimal 


In voltage-mode operation, the TLC7524 will meet the following specification: 


PARAMETER TEST CONDITIONS MIN MAX | UNIT 
Linearity error at REF Vpp = 5 V, OUT1 = 2.5 V, OUT2 at GND, Ta = 0°C to 70°C 
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D2979, JANUARY 1987—REVISED OCTOBER 1988 


Advanced LinCMOS”™ Silicon-Gate DW OR N PACKAGE 
Technology (TOP VIEW) 


Easily Interfaced to Microprocessors 
On-Chip Data Latches 


Monotonic Over the Entire A/D Conversion 
Range 


@ Designed to be Interchangeable with Analog 
Devices AD7528 and PMI PM-7528 


@® Fast Control Signaling for Digital Signal 
Processor Applications Including Interface 


2 


with TMS320 
@ Voltage-Mode Operation ee Sie = 
(TOP VIEW) ® 
ai ONG 2 
Resolution 8 bits o5§5m rT, 
Linearity Error 1/2 LSB cocoa 
Power Dissipation at Vpp = 5 V 5 mW 19 A 
Settling Time at Vpp = 5 V 100 ns REFAI]4 18[] REFB re 
Propagation Delay at Vpp = 5 V 80 ns DGNDI]5 170) Vop 
= at DACA/DACB [J 6 164] WR 
description (MSB)DB7 1] 7 15{] CS 
The TLC7528 is a dual 8-bit digital-to-analog DB6 J8 14U] DBO(LSB) 
converter designed with separate on-chip data LS Pe 
latches and featuring excellent DAC-to-DAC i SOs Cie 
matching. Data is transferred to either of the two 5 rat rat 5 ra 
DAC data latches via a common 8-bit input port. 
Control input DACA/DACB determines which 
DAC is to be loaded. The ‘‘load’’ cycle of the 
TLC7528 is similar to the ‘‘write’’ cycle of a random-access memory, allowing easy interface to most 
popular microprocessor busses and output ports. Segmenting the high-order bits minimizes glitches during 
changes in the most significant bits, where glitch impulse is typically the strongest. 
The TLC7528 operates from a 5-V to 15-V power supply and dissipates less than 15 mW (typical). Excellent 
2- or 4-quadrant multiplying makes the TLC7528 a sound choice for many microprocessor-controlled gain- 
setting and signal-control applications. It can be operated in voltage mode, which produces a voltage output 
rather than a current output. Refer to the typical application data in this data sheet. 
The TLC7528I is characterized for operation from —25 to 85°C. The TLC7528C is characterized for 
operation from 0°C to 70°C. 
Advanced LinCMOS is a trademark of Texas Instruments Incorporated. 
PRODUCTION DATA documents contain information Z Copyright © 1987, Texas Instruments Incorporated 
current as of publication date. Products conform to i] 
specifications per the terms of Texas Instruments TEXAS ts 
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functional block diagram 


(14) 


Oo 
o 
oO 


e 
- OUTA 
DATA . INPUT 
INPUTS x BUFFER 
s 
pB7 !7) AGND 
RFBB 
OUTB 
DACA/DACB 


operating sequence 


¢ ——— tsuics) ——>}— + tric) 


cs | 
|¢———tsu(Dac) ———4+ trac) 
| | 
DACA/DACB | 
k¢—twiwr)—1 
eae | 
WR 


i$ tsu10) pert thio) 
DBO-DB7 DATA IN STABLE 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage, Vop (to AGE erpeny cole. YR Ras So ee. -0.3 V to T6.5: ¥ 
Wie er WrGeli Pe AGsINGD Oita. vise. Sc. ky ees cok eee RGR ead oes See eee ae +VDpD 
POIs eee ey Le ene a ater eee cS Nas AS la wha Sept eal ace ae =0.3-V to Vpp +0:3 
Mererence voltage, VrafA OT Vrate (tO eer. ek ee eee eee +25 
Feenuack voltage VEFeA Or VRpcam tto mame). oo. Seta ae Obs ee oe ee es A 
Sere Otho Ger Vr Ot 7 Cet ee eS oc os. ete ee cep an), a eae ees +25. 
Sol eene Wi AA RIER OO oie Sea a os Ge Se ee ae kg soa coe * Rega Ewe Be LS ed 10 pA 
Operating tree-air temperature range: TLCZ528! oo ee ee Sa = 25°C tooo 

S(T SS 5. | Sa ANE Nenis cre APRS ks Fe DEORE TS ENE Ghia ds O°C ta 706 
SEOLIee LOMimer Atle ranae ©. tia i a ee wo ieee Gly wie wuts 1 RE Ae oe nee a ee —65 °C 16-1 50en 
Cgee tenia 1Or. to secuiie: Fi Pagkage oy oa. oo) Sieh oe eee a Ee ey es 260°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: DW or N package....... 260°G 


recommended operating conditions 


Data Sheets 


Pulse duration, WR low, tw (wR) 


: , TLC75281 
ORS sting inks at termberatere. “LA [sane ¥ 
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electrical characteristics over recommended operating free-air temperature range, 
VrefA = VrefB = 10 V, VOA and Vop at O V (unless otherwise noted) 


PARAMETER TEST CONDITIONS 
Ref ti d 
eference input impedance 5 19 20 5 12 20 KO 
(Pin 15 to GND) 
DACA data latch loaded 
OUTA with OOOOOOOO, + 
V = = 1O_-V 
refA a nA 
DACB data latch loaded 
OUTB with OOOOOOOO, 
VrefB = +10 V 
| sh 
nput resistance matc see Pegs 
(REFA to REFB) 
DC | itivity, 
sSigeslaert star) is siabiga AVpp = +10% 0.04 0.02 | %/% 
A gain/A Vpp 
DBO-DB7 at Viymin or 
lpp Supply current (quiescent) 1 1 mA 
Vi_max 


DBO-DB7 
WR, CS 
DACA/DACB 


Output leakage 


2 


| 
Ikg current 


sjaaUus eleg 


Input 
capacitance 


DAC data latches loaded 
with OOOOO000O 


DAC data latches loaded ~ 
120 120 
with 11111111 


Output capacitance, 
(OUTA, OUTB) 


TAI typical values are at Ta = 25°C. 
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operating characteristics over recommended operating free-air temperature range, 
VrefA = VrefB = 10 V, VOA and Vog at O V (unless otherwise noted) 


PARAMETER TEST CONDITIONS 


ihewty swe eo epee 
Setting time (to 1/2 188 


REFA to OUTA 
AC feedthrough See Note 3 
REFB to OUTB 
Propagation delay (from digital input 
; See Note 5 
to 90% of final analog output current) 
Measured for code transition from 
Digital-to-analog glitch impulse area 00000000 to 11111111, 
R= 25°C 
Measured for code transition from 
Digital crosstalk glitch impulse area 00000000 to 11111111, 
Ta = 25°C 


wee Vj = 6 Vrms, 
Harmonic distortion 
Ta = 25°C 


NOTES: 1. OUTA, OUTB load = 100 2, Ceyt = 13 pF; WR and CS at O V; DBO-DB7 at 0 V to Vpp or Vpp to O V. 
2. Gain error is measured using an internal feedback resistor. Nominal Full Scale Range (FSR) = Vref — 1 LSB. 
3. Vref = 20 V peak-to-peak, 100-kHz sine wave; DAC data latches loaded with OOOOOOOO. 
4. Temperature coefficient of gain measured from O°C to 25°C or from 25°C to 70°C. 
5 
6 
7 


Data Sheets By 


. VrefA = VrefB = 10 V; OUTA/OUTB load = 1002, Cex = 13 pF; WR and CS at O V; DBO-DB7 at 0 V to Vpp or Vpp to OV. 
. Both DAC latches loaded with 11111111; Vrefa = 20 V peak-to-peak, 100-kHz sine wave; Vrefp = 0; Ta = 25°C. 
. Both DAC latches loaded with 11111111; Vrefg = 20 V peak-to-peak, 100-kHz sine wave; Vrefa = 0; Ta = 25°C. 


principles of operation 


The TLC7528 contains two identical 8-bit multiplying D/A converters, DACA and DACB. Each DAC consists 
of an inverted R-2R ladder, analog switches, and input data latches. Binary-weighted currents are switched 
between DAC output and AGND, thus maintaining a constant current in each ladder leg independent of 
the switch state. Most applications require only the addition of an external operational amplifier and voitage 
reference. A simplified D/A circuit for DACA with all digital inputs low is shown in Figure 1. 


Figure 2 shows the DACA equivalent circuit. A similar equivalent circuit can be drawn for DACB. Both 
DACs share the analog ground pin 1 (AGND). With all digital inputs high, the entire reference current flows 
to OUTA. A small leakage current (I|kg) flows across internal junctions, and as with most semiconductor 
devices, doubles every 10°C. Co is due to the parallel combination of the NMOS switches and has a value 
that depends on the number of switches connected to the output. The range of Co is 50 pF to 120 pF 
maximum. The equivalent output resistance ro varies with the input code from O.8R to 3R where R is 
the nominal value of the ladder resistor in the R-2R network. 


Interfacing the TLC 7528 to a microprocessor is accomplished via the data bus, CS, WR, and DACA/DACB 
control signals. When CS and WR are both low, the TLC7528 analog output, specified by the DACA/DACB 
control line, responds to the activity on the DBO-DB7 data bus inputs. In this mode, the input latches are 
transparent and input data directly affects the analog output. When either the CS signal or WR signal 
goes high, the data on the DBO-DB7 inputs is latched until the CS and WR signals go low again. When 
CS is high, the data inputs are disabled regardless of the state of the WR signal. 


The digital inputs of the TLC7528 provide TTL compatibility when operated from a supply voltage of 5 V. 
The TLC7528 may be operated with any supply voltage in the range from 5 V to 15 V, however, input 
logic levels are not TTL compatible above 5 V. 
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FIGURE 1. SIMPLIFIED FUNCTIONAL CIRCUIT FOR DACA 
O 
® RFBA 
on 
pe) 
” VREFA OUTA 
> 
@ 
14) 
oe 
” 
FIGURE 2. TLC7528 EQUIVALENT CIRCUIT, DACA LATCH LOADED WITH 11111111. 
MODE SELECTION TABLE 
L = low level, H = high level, X = don’t care 
TEXAS sip 
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TYPICAL APPLICATION DATA 


The TLC7528 is capable of performing 2-quadrant or full 4-quadrant multiplication. Circuit configurations 
for 2-quadrant and 4-quadrant multiplication are shown in Figures 3 and 4. Input coding for unipolar and 
bipolar operation are summarized in Tables 1 and 2, respectively. 


Vi(A) 
+10 V 


R1 (See Note 1) 


R2 (See Note 1) 


Pee a. 
Vpp—-{— sensu Renan 
(14)! DBO 2 
° INPUT 
e | e 
: : BUFFER ms 
(7) ~ 
DB7 ® 
Se ® 
J DACA) om 
(6) .DACB 7p) 
(15) °CS CONTROL ia] 
2 peat 
(16) 'WR ae © 
penn a 
ee seve a atietaall “a he tel eres —— oe Cnatl ——or Rotetiiatcael SS CE ieeetell 
+> AGND 
RECOMMENDED TRIM R3 (See Note 1) 
RESISTOR VALUES Vi(B) 
at +10V 


500 2? 
150 2 


R2, R4 


NOTES: 1. R1, R2, R3, and R4 are used only if gain adjustment is required. See table for recommended values. Make gain adjustment 
with digital input of 255. 
2. C1 and C2 phase compensation capacitors (10 pF to 15 pF) are required when using high-speed amplifiers to prevent ringing 
or oscillation. 


FIGURE 3. UNIPOLAR OPERATION (2-QUADRANT MULTIPLICATION) 
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TYPICAL APPLICATION DATA 


Vi(A) 
+10V 


R6 (See Note 2) 


R1 (See Note 1) 
R2 (See Note 1) 


(14)! pBo R5 
« * INPUT 
s | e 
e ; BUFFER oa 
mT 087 pe ee Yon 
2 Por 
is) Ipace 
') (15) cS CONTROL C2 (See Note 3) RB 
o (16) 'WR LOGIC Reatoie 2) 
DGND 
hd Vos 
n” = AGND 
> R3 (See Note 1) (See Note 2) R12 
@ R10 
@ 5 kQ 
= *10V 20 k2 4 
w Vi(B) 


NOTES: 1. R1, R2, R3, and R4 are used only if gain adjustment is required. See table in Figure 3 for recommended values. Adjust R1 


for Voa = O V with code 10000000 in DACA latch. Adjust R3 for Vog = O V with 10000000 in DACB latch. 
2. Matching and tracking are essential for resistor pairs R6, R7, RY, and R10. 


. C1 and C2 phase compensation capacitors (10 pF to 15 pF) may be required if A1 and A3 are high-speed amplifiers. 
FIGURE 4. BIPOLAR OPERATION (4-QUADRANT OPERATION) 


TABLE 1. UNIPOLAR BINARY CODE TABLE 2. BIPOLAR (OFFSET BINARY) CODE 


DAC LATCH CONTENTS 
ANALOG OUTPUT 
MSB-~ LSB 


V11I9t8 —V; (255/256) 
10000001 - Vj (129/256) 


DAC LATCH CONTENTS 
ANALOG OUTPUT 
MSB LsBt 


11111111 V; (127/128) 
10000001 V; (1/128) 
10000000 ~Vj (128/256) = —Vj/2 
01111111 ~Vj (127/256) 
00000001 ~Vj (1/256) 
00000000 ~V; (0/256) 


10000000 OV 
01111111 ~V; (1/128) 
00000001 —V; (127/128) 
00000000 ~V; (128/128) 


T1LSB = (27 8)v; *1LSB = (2-7)V; 
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TYPICAL APPLICATION DATA 


microprocessor interface information 


poy p MOMS S BUS 


ADDRESS 
DECODE 
LOGIC 


2 


72] 
od 
® 
® 
pe 
1? 2) 
DATA BUS & 
& 
a) 
NOTE: A = decoded address for TLC7528 DACA. 
A+1 = decoded address for TLC7528 DACB. 
FIGURE 5. TLC7528 — INTEL 8051 INTERFACE 
ADDRESS 
DECODE 
LOGIC 
DATA BUS 
NOTE: A = decoded address for TLC7528 DACA. 
A+1 = decoded address for TLC7528 DACB. 
FIGURE 6. TLC7528 — 6800 INTERFACE 
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TYPICAL APPLICATION DATA 


ADDRESS 
DECODE 
LOGIC 


DATA BUS 


NOTE: A = decoded address for TLC/528 DACA. 
A+1 = decoded address for TLC7528 DACB. 


FIGURE 7. TLC7528 TO Z80-A INTERFACE 


sjaeus e1eg BS 


programmable window detector 


The programmable window comparator shown in Figure 8 will determine if voltage applied to the DAC 
feedback resistors are within the limits programmed into the TLC7528 data latches. Input signal range 
depends on the reference and polarity, that is, the test input range is O to — Vref. The DACA and DACB 
data latches are programmed with the upper and lower test limits. A signal within the programmed limits 
will drive the output high. 


VoD Vcc 


NEST 


INPUT 


1 kQ 


DATA 
INPUTS 


PASS/FAIL 
OUTPUT 


FIGURE 8. DIGITALLY PROGRAMMABLE WINDOW COMPARATOR (UPPER- AND LOWER-LIMIT TESTER) 
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TYPICAL APPLICATION DATA 
digitally controlled signal attenuator 


Figure 9 shows the TLC 7528 configured as a two-channel programmable attenuator. Applications include 
stereo audio and telephone signal level control. Table 3 shows input codes vs attenuation for aO to 15.5 dB 


range. 
Attentuation db = — 20 log19 D/256, D = digital input code 
(17) (3) 
V 
DD ena (~ RFBA 
(4) OUTA 
VinA joaca | OUTPUT 2 


V he 

: 

TLC7528 a 
a= | (15) vy) 

WR (16) o 

— (6) = 
DACA/DACB 5 

(18) an) 


(20) 
VoB << 


V 
V_ | Rees 
(19) 


FIGURE 9. DIGITALLY CONTROLLED DUAL TELEPHONE ATTENUATOR 


TABLE 3. ATTENUATION vs DACA, DACB CODE 


CODE IN CODE IN 
ATTN(dB) DAC INPUT CODE ATTN(dB) DAC INPUT CODE 
DECIMAL DECIMAL 
fe) 1a ee 255 8.0 01100110 102 
0.5 11110010 242 8.5 01100000 
1.0 11100100 228 9.0 01011011 
1.5 11010111 215 966 . 01010110 
2.0 11001011 203 10.0 01010001 
2.5 11000000 192 10.5 01001100 
3. 10110101 181 11.0 01001000 42 


3 10101011 171 11.5 01000100 


O 

5 68 
4.0 10100010 162 132.0 01000000 64 

5 6 


4. 10011000 152 12.5 00111101 1 
5.5 10001000 136 13.5 00110110 54 
6.0 10000000 128 14.0 00110011 51 
7.0 01110010 114 15.0 00101110 46 
75 01101100 108 15.5 00101011 43 
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TYPICAL APPLICATION DATA 
programmable state-variable filter ; 


This programmable state-variable or universal filter configuration provides low-pass, high-pass, and band- 
pass outputs, and is suitable for applications in which microprocessor control of filter parameters is required. 


As shown in Figure 10, DACA1 and DACB1 control the gain and Q of the filter while DACA2 and DACB2 
control the cutoff frequency. Both halves of the DACA2 and DACB2 must track accurately in order for 
the cutoff-frequency equation to be true. With the TLC7528, this is easily achieved. 


1 


FE ieee <> 
y) e~ 2a, 61 
The programmable range for the cutoff or center frequency is O to 15 kHz with a Q ranging from 0.3 to 
4.5. This defines the limits of the component values. 
® c3 
_ 
pe) 
47 pF 
ee) , R5 
bg 
@ 
@ 
ot DATA 
7) IN R3 HIGH PASS 
rere | 
BANDPASS 
DATA 
IN 
LOW PASS 
OUT 
CIRCUIT EQUATIONS: 
DACA2 AND DACB2 
Ci = Co, Ri = Ro, Rq = R5 
R R 
(e} ae . F 
R4 Rfb(DACB1) 
haa 3 
o = 
NOTES: A. Op-amps A1, A2, A3, and A4 are TL287. Rs 


B. C3 compensates for the op-amp gain-bandwidth limitations. 
256 x (DAC ladder resistance) 


C. DAC equivalent resistance equals — 
DAC digital code 


FIGURE 10. DIGITALLY CONTROLLED STATE-VARIABLE FILTER 
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TYPICAL APPLICATION DATA 
voltage-mode operation 


It is possible to operate the TLC7528 current multiplying D/A converter in a voltage mode. In the voltage 
mode, a fixed voltage is placed on the current output pin. The analog output voltage is then available at 
the reference voltage pin. Figure 11 is an example of a current multiplying D/A, which is operated in voltage 
mode. 


REF (ANALOG 
OUTPUT VOLTAGE) 


2 


” 
dont 
OUT (FIXED INPUT = 
——=_ VOLTAGE) cx 
YW”) 
be 
FIGURE 11. VOLTAGE-MODE OPERATION O 
The relationship between the fixed input voltage and the analog output voltage is given by the following 
equation: 
Vo = V| (D/256) 
where 
VO = analog output voltage 
V| = fixed input voltage 
‘D = digital input code converted to decimal 
In voltage-mode operation, the TLC7528 will meet the following specification: 
PARAMETER 2 TEST CONDITIONS MIN MAX 
Vp = 5 V, OUTA or OUTB at 2.5 V, Ta = 0°C 0 70°C 
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D2964, SEPTEMBER 1987—REVISED SEPTEMBER 1988 


@® Advanced LinCMOS”™ Silicon-Gate Process N PACKAGE 
Technology (TOP VIEW) 


14-Bit Dynamic Range ADC and DAC 


® Variable ADC and DAC Sampling Rate Up to 
19,200 Samples per Second 


® Switched-Capacitor Antialiasing Input Filter 
and Output-Reconstruction Filter 


@® Serial Port for Direct Interface to 
TMS32011, TMS320C17, TMS32020, and 


TMS320C25 Digital Processors 2 
@® Synchronous or Asynchronous ADC and 
DAC Conversion Rates with Programmable ” 
Incremental ADC and DAC Conversion oT 
Timing Adjustments rob) 
@ Serial Port Interface to SN74299 Serial-to- = 
Parallel Shift Register for Parallel Interface FN PACKAGE © 
to TMS32010, TMS320C15, or Other ORE ~ 
Digital Processors a [th g 
g oc B [eee Q 
ie & le > Z2z2<é= 
(| lis 
DESCRIPTION 
NUMBER DR i 5 25{ | in 
TLC32040 | Analog Interface Circuit with internal MSTR CLK [16 24[] AUX IN+ 
reference. Also a plug-in replacement Vop 0? 23f} AUX IN— 
for TLC32041. REF []8 22[] OUT + 
TLC32041 | Analog Interface Circuit without internal DGTL GND [13 21[] OUT — 
reference. SHIFT CLK 200) Vcc + 
TLC32042 | Identical to TLC32040, but has a EODX 11 19 Vcc — 
slightly wider bandpass filter bandwidth 13 °1445. 16-17-18 
= tak ee 
description a E Io Sis Ss 3 
aaa oOo 
The TLC32040, TLC32041, and TLC32042 are 5 QO 
complete analog-to-digital and digital-to-analog 5 22 
input/output systems, each on a single = ee 
monolithic CMOS chip. This device integrates a 
bandpass switched-capacitor antialiasing input NU —Nonusable; no external connection should be made to these 
filter, a 14-bit-resolution A/D converter, four sia 
microprocessor-compatible serial port modes, a 
14-bit-resolution D/A converter, and a low-pass 
switched-capacitor output-reconstruction filter. The device offers numerous combinations of Master Clock 
input frequencies and conversion/sampling rates, which can be changed via digital processor control. 
Typical applications for this IC include modems (7.2-, 8-, 9.6-, 14.4-, and 19.2-kHz sampling rate), analog 
interface for digital signal processors (DSPs), speech recognition/storage systems, industrial process control, 
biomedical instrumentation, acoustical signal processing, spectral analysis, data acquisition, and 
instrumentation recorders. Four serial modes, which allow direct interface to the TMS32011, TMS320C17, 
TMS32020, and TMS320C25 digital signal processors, are provided. Also, when the transmit and receive 
sections of the Analog Interface Circuit (AIC) are operating synchronously, it will interface to two SN74299 
Advanced LinCMOS™ is a trademark of Texas Instruments Incorporated. 
PRODUCTION DATA documents contain information i Copyright © 1987, Texas Instruments Incorporated 
current as of publication date. Products conform to j 
specifications per the terms of Texas Instruments TEXAS 4 
Emnatly ices Maal # cpa INSTRUMENTS eis 


POST OFFICE BOX 655012 * DALLAS, TEXAS 75265 


TLO320401, TLC32040C, TLC3204i1, TLC32041C, 
TLO320421, TLC32042C 
ANALOG INTERFACE CIRCUITS 


description (continued) 


serial-to-parallel shift registers. These serial-to-parallel shift registers can then interface in parallel to the 
TMS32010, TMS320C15, other digital signal processors, or external FIFO circuitry. Output data pulses 
are emitted to inform the processor that data transmission is complete or to allow the DSP to differentiate 
between two transmitted bytes. A flexibie control scheme is provided so that the functions of the IC can 
be selected and adjusted coincidentally with signal processing via software control. 


The antialiasing input filter comprises seventh-order and fourth-order CC-type (Chebyshev/elliptic 
transitional) low-pass and high-pass filters, respectively, and a fourth-order equalizer. The input filter is 
implemented in switched-capacitor technology and is preceded by a continuous time filter to eliminate 
any possibility of aliasing caused by sampled data filtering. When no filtering is desired, the entire composite 
filter can be switched out of the signal path. A selectable, auxiliary, differential analog input is provided 
for applications where more than one analog input is required, 


The A/D and D/A converters each have 14 bits of resolution. The A/D and D/A architectures ensure no 
missing codes and monotonic operation. An internal voltage reference is provided on the TLC32040 and 
TLC32042 to ease the design task and to provide complete control over the performance of the IC. The 
internal voltage reference is brought out to a pin and is available to the designer. Separate analog and 
digital voltage supplies and grounds are provided to minimize noise and ensure a wide dynamic range. 
Also, the analog circuit path contains only differential circuitry to keep noise to an absolute minimum. 
The only exception is the DAC sample-and-hold, which utilizes pseudo-differential circuitry. 


s}90us e1eg By 


The output-reconstruction filter is a seventh-order CC-type (Chebyshev/elliptic transitional low-pass filter 
with a fourth-order equalizer) and is implemented in switched-capacitor technology. This filter is followed 
by a continuous-time filter to eliminate images of the digitally encoded signal. 


The TLC32040I, TLC320411, and TLC320421 are characterized for operation from —40°C to 85°C, and 
the TLC32040C, TLC32041C, and TLC32042C are characterized for operation from O°C to 70°C. 


functional block diagram 


BANDPASS FILTER 


IN + SERIAL FSR 
PORT 
DR 
IN — 
EODR 
AUX IN+ 
MSTR CLK 
AUX IN- INTERNAL 
VOLTAGE 


SHIFT CLK 


(TLC32040/ 


TLCO32042 WORD/BYTE 


OUT + 


REFERENCE a 


OvuT = 


TRANSMIT SECTION 


Vec+ Vcc- ANiLG DTGL Vpp REF RESET 
GND GND_ (DIG) 
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PRINCIPLES OF OPERATION 


analog input 


Two sets of analog inputs are provided. Normally, the IN+ and IN — input set is used; however, the auxiliary 
input set, AUX IN+ and AUX IN —, can be used if a second input is required. Each input set can be operated 
in either differential or single-ended modes, since sufficient common-mode range and rejection are provided. 
The gain for the IN+, IN—, AUX IN+, and AUX IN— inputs can be programmed to be either 1, 2, or 4 
(see Table 2). Either input circuit can be selected via software control. It is important to note that a wide 
dynamic range is assured by the differential internal analog architecture and by the separate analog and 
digital voltage supplies and grounds. 


A/D bandpass filter, A/D bandpass filter clocking, and A/D conversion timing 


The A/D bandpass filter can be selected or bypassed via software control. The frequency response of this 
filter is presented in the following pages. This response results when the switched-capacitor filter clock 
frequency is 288 kHz. Several possible options can be used to attain a 288-kHz switched-capacitor filter 
clock. When the filter clock frequency is not 288 kHz, the filter transfer function is frequency-scaled by 
the ratio of the actual clock frequency to 288 kHz. The low-frequency roll-off of the high-pass section 
is 300 Hz. However, the high-pass section low-frequency roll-off is less steep for the TLC32042 than for 
the TLC32040 and TLC32041. 


Data Sheets #.°% 


The Internal Timing Configuration and AIC DX Data Word Format sections of this data sheet indicate the 
many options for attaining a 288-kHz bandpass switched-capacitor filter clock. These sections indicate 
that the RX Counter A can be programmed to give a 288-kHz bandpass switched-capacitor filter clock 
for several Master Clock input frequencies. 


The A/D conversion rate is then attained by frequency-dividing the 288-kHz bandpass switched-capacitor 
filter clock with the RX Counter B. Thus, unwanted aliasing is prevented because the A/D conversion rate 
is an integral submultiple of the bandpass switched-capacitor filter sampling rate, and the two rates are 
synchronously locked. 


A/D converter performance specifications 


Fundamental performance specifications for the A/D converter circuitry are presented in the A/D converter 
operating characteristics section of this data sheet. The realization of the A/D converter circuitry with 
switched-capacitor techniques provides an inherent sample-and-hold. 


analog output 


The analog output Circuitry is an analog output power amplifier. Both noninverting and inverting amplifier 
outputs are brought out of the IC. This amplifier can drive transformer hybrids or low-impedance loads 
directly in either a differential or single-ended configuration. 


D/A low-pass filter, D/A low-pass filter clocking, and D/A conversion timing 


The frequency response of this filter is presented in the following pages. This response results when the 
low-pass switched-capacitor filter clock frequency is 288 kHz. Like the A/D filter, the transfer function 
of this filter is frequency-scaled when the clock frequency is not 288 kHz. A continuous-time filter is provided 
on the output of the D/A low-pass filter to greatly attenuate any switched-capacitor clock feedthrough. 


The D/A conversion rate is then attained by frequency-dividing the 288-kHz switched-capacitor filter clock 
with TX Counter B. Thus, unwanted aliasing is prevented because the D/A conversion rate is an integral 
submultiple of the switched-capacitor low-pass filter sampling rate, and the two rates are synchronously 
locked. 
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PRINCIPLES OF OPERATION (continued) 


asynchronous versus synchronous operation 


If the transmit section of the AIC (low-pass filter and DAC) and receive section (bandpass filter and ADC) 
are operated asynchronously, the low-pass and band-pass filter clocks are independently generated from 
the Master Clock signal. Also, the D/A and A/D conversion rates are independently determined. If the 
transmit and receive sections are operated synchronously, the low-pass filter clock drives both low-pass 
and bandpass filters. In synchronous operation, the A/D conversion timing is derived from, and is equal 
to, the D/A conversion timing. (See description of the WORD/BYTE pin in the Pin Functional Description 
Section.) 


NO 
4 
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converter performance specifications 


Fundamental performance specifications for the D/A converter circuitry are presented in the D/A converter 
operating characteristics section of the data sheet. The D/A converter has a sample-and-hold that is realized 
with a switched-capacitor ladder. 


system frequency response correction 


Sin x/x correction circuitry is performed in digital signal processor software. The system frequency response 
can be corrected via DSP software to +0.1 dB accuracy to a band-edge of 3000 Hz for all sampling rates. 
This correction is accomplished with a first-order digital correction filter, which requires only seven TMS320 
instruction cycles. With a 200-ns instruction cycle, seven instructions represent an overhead factor of 
only 1.1% and 1.3% for sampling rates of 8 and 9.6 kHz, respectively (see the sin x/x Correction Section 
for more details). 
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serial port 


The serial port has four possible modes that are described in detail in the Functional Pin Description Section. 
These modes are briefly described below and in the Functional Description for Pin 13, WORD/BYTE. 


1. The transmit and receive sections are operated asynchronously, and the serial port interfaces 
directly with the TMS32011 and TMS320C17. 


2. The transmit and receive sections are operated asynchronously, and the serial port interfaces 
directly with the TMS32020 and the TMS320C25. 


3. The transmit and receive sections are operated synchronously, and the serial port interfaces directly 
with the TMS32011 and TMS320C17. 


4. The transmit and receive sections are operated synchronously, and the serial port interfaces directly 
with the TMS32020, TMS320C25, or two SN74299 serial-to-parallel shift registers, which can 
then interface in parallel to the TMS32010, TMS320C15, to any other digital signal processor, 
or to external FIFO circuitry. 


testing 


An addendum accompanying this data sheet fully describes the test capabilities of the IC, provided by 
the design. 


operation of TLC32040 or TLC32042 with internal voltage reference 


The internal reference of the TLC32040 and TLC32042 eliminates the need for an external voltage reference 
and provides overall circuit cost reduction. Thus, the internal reference eases the design task and provides 
complete control over the performance of the IC. The internal reference is brought out to a pin and is available 
to the designer. To keep the emount of noise on the reference signal to a minimum, an external capacitor 
may be connected between REF and ANLG GND. 
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PRINCIPLES OF OPERATION (continued) 


operation of TLC32040, TLC32041, or TLC32042 with external voltage reference 


The REF pin may be driven from an external reference circuit if so desired. This external circuit must be 


capable of supplying 250 nA and must be adequately protected from noise such as crosstalk from the 
analog input. 


reset 


A reset function is provided to initiate serial communications between the AIC and DSP and to allow fast, 
cost-effective testing during manufacturing. The reset function will initialize all AIC registers, including 
the contro! register. After a negative-going pulse on the RESET pin, the AIC will be initialized. This 
initialization allows normal serial port communications activity to occur between AIC and DSP (see AIC DX 
Data Word Format section). 


loopback 


This feature allows the user to test the circuit remotely. In loopback, the OUT + and OUT — pins are internally 
connected to the IN+ and IN— pins. Thus, the DAC bits (d15 to d2), which are transmitted to the DX 
pin, can be compared with the ADC bits (d15 to d2), which are received from the DR pin. An ideal comparison 
would be that the bits on the DR pin equal the bits on the DX pin. However, in practice there will be some 
difference in these bits due to the ADC and DAC output offsets. 


In loopback, if the IN+ and IN — pins are enabled, the external signals on the IN+ and IN — pins are ignored. 
If the AUX IN+ and AUX IN — pins are enabled, the external signals on these pins are added to the OUT + 
and OUT — signals in loopback operation. 


The loopback feature is implemented with digital signal processor control by transmitting the appropriate 
serial port bit to the control register (see AIC Data Word Format section). 


ANLG GND_ 17,18 pron Analog ground return for all internal analog circuits. Not internally connected to DGTL GND. 


AUX IN + 24 Noninverting auxiliary analog input stage. This input can be switched into the bandpass filter and A/D converter 

geet: path via software control. If the appropriate bit in the Control register is a 1, the auxiliary inputs will replace 
the IN+ and IN— inputs. If the bit is a 0, the IN+ and IN-— inputs will be used (see the AIC DX Data Word 
Format section). 


AUX IN — 23 Inverting auxiliary analog input (see the above AUX IN + pin description). 
DGTLGND 9 igi 


Digital ground for all internal logic circuits. Not internally connected to ANLG GND. 
DX 12 
EODR 3 


of bits from the AIC to the TMS320 serial port is synchronized with the SHIFT CLK signal. 
This pin is used to receive the DAC input bits and timing and control information from the TMS320. This serial 
transmission from the TMS320 serial port to the AIC is synchronized with the SHIFT CLK signal. 


(See the WORD/BYTE pin description and the Serial Port Timing Diagram.) During the word-mode 
timing, this signal is a low-going pulse that occurs immediately after the 16 bits of A/D information have been 
transmitted from the AIC to the TMS320 serial port. This signal can be used to interrupt a microprocessor 
upon completion of serial communications. Also, this signal can be used to strobe and enable external serial- 
to-parallel shift registers, latches, or external FIFO RAM, and to facilitate parallel data bus communications 
between the AIC and the serial-to-parallel shift registers. During the byte-mode timing, this signal goes low 
after the first byte has been transmitted from the AIC to the TMS320 serial port and is kept low until the 
second byte has been transmitted. The TMS32011 or TMS320C17 can use this low-going signal to differentiate 
between the two bytes as to which is first and which is second. 


ba This pin is used to transmit the ADC output bits from the AIC to the TMS320 serial port. This transmission 
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EODX 11 


(See the WORD/BYTE pin description and the Serial Port Timing Diagram.) During the word-mode 
timing, this signal is a low-going pulse that occurs immediately after the 16 bits of D/A converter and control 


or register information have been transmitted from the TMS320 serial port to the AIC. This signal can be used 
to interrupt a microprocessor upon the completion of serial communications. Also, this signal can be used 
to strobe and enable external serial-to-parallel shift registers, latches, or an external FIFO RAM, and to facilitate 
perallel data-bus communications between the AIC and the serial-to-parallel shift registers. During the byte- 
mode timing, this signal goes low after the first byte has been transmitted from the TMS320 serial port to 
the AIC and is kept low until the second byte has been transmitted. The TMS32011 or TMS320C17 can use 
this low-going signal to differentiate between the two bytes as to which is first and which is second. 


3 
aD 
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In the serial transmission modes, which are described in the WORD/BYTE pin description, the FSR pin is held 
low during bit transmission. When the FSR pin goes low, the TMS320 serial port will begin receiving bits from 
the AIC via the DR pin of the AIC. The most significant DR bit will be present on the DR pin before FSR goes 
low. (See Serial Port Timing and Internal Timing Configuration Diagrams.) 


When this pin goes low, the TMS320 serial port will begin transmitting bits to the AIC via the 
DX pin of the AIC. In all serial transmission modes, which are described in the WORD/BYTE pin description, 
the FSX pin is held low during bit transmission (see Serial Port Timing and Internal Timing Configuration 
Diagrams). 
26 
25 
MSTR CLK 6 


Noninverting input to analog input amplifier stage 


sjeeus ejeg HS 
gi 


2/2 
1 | + 


Inverting input to analog input amplifier stage 


The Master Clock signal is used to derive all the key logic signals of the AIC, such as the Shift Clock, the 


switched-capacitor filter clocks, and the A/D and D/A timing signals. The Internal Timing Configuration diagram 
shows how these key signals are derived. The frequencies of these key signals are synchronous submultiples 
of the Master Clock frequency to eliminate unwanted aliasing when the sampled analog signals are transferred 


No 
No 
= 
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between the switched-capacitor filters and the A/D and D/A converters (see the Internal Timing Configuration). 
OUT + Noninverting output of analog output power amplifier. Can drive transformer hybrids or high-impedance loads 
directly in either a differential or a single-ended configuration. 


For the TLC32040 and TLC32042, the internal voltage reference is brought out on this pin. For the TLC32040, 
TLC32041, and TLC32042, an external voltage reference can be applied to this pin. 
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A reset function is provided to initialize the TA, TA’, TB, RA, RA’, RB, and control registers. This 
reset function initiates serial communications between the AIC and DSP. The reset function will initialize all 
AIC registers including the control register. After a negative-going pulse on the RESET 
pin, the AIC registers will be initialized to provide an 8-kHz data conversion rate for a 5.184-MHz master clock 
input signal. The conversion rate adjust registers, TA’ and RA’, will be reset to 1. The CONTROL register bits 
will be reset as follows (see AIC DX Data Word Format section). 


d7 = 1, d6 = 1, d5 = 1, d4 = O, d3 = O, d2 = 1 


This initialization allows normal serial-port communication to occur between AIC and DSP. 
SHIFT CLK 10 


The Shift Clock signal is obtained by dividing the Master Clock signal frequency by four. This signal is used 
to clock the serial data transfers of the AIC, described in the WORD/BYTE pin description 
below (see the Serial Port Timing and Internal Timing Configuration diagram). 


| 
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Oo 


Digital supply voltage, 5 V +5% 


Positive analog supply voltage, 5 V +5% 


Negative analog supply voltage -—5 V +5% 
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WORD/BYTE 13 


This pin, in conjunction with a bit in the CONTROL register, is used to establish one of four serial 
modes. These four serial modes are described below. 

AIC transmit and receive sections are operated asynchronously. 

The following description applies when the AIC is configured to have asynchronous transmit and receive sections. 
If the appropriate data bit in the Control register is a O (see the AIC DX Data Word Format), the transmit and 
receive sections will be asynchronous. 

L Serial port directly interfaces with the serial port of the TMS32011 or TMS320C17 and communicates 
in two 8-bit bytes. The operation sequence is as follows (see Serial Port Timing diagrams). 

The FSX or FSR pin is brought low. 
One 8-bit byte is transmitted or one 8-bit byte is received. 
The EODX or EODR pin is brought low. 
The FSX or FSR pin emits a positive frame-sync pulse that is 
four Shift Clock cycles wide. 
5. One 8-bit byte is transmitted or one 8-bit byte is received. 
6. The EODX or EODR pin is brought high. 
7. The FSX or FSR pin is brought high. 

H Serial port directly interfaces with the serial port of the TMS32020, TMS320C25, or TMS320C30 
and communicates in one 16-bit word. The operation sequence is as follows (see Serial Port Timing 
diagrams): 

1. The FSX or FSR pin is brought low. 

2. One 16-bit word is transmitted or one 16-bit word is received. 

3. The FSX or FSR pin is brought high. 

4. The EODX or EODR pin emits a low-going pulse. 
AIC transmit and receive sections are operated synchronously. 
If the appropriate data bit in the Control register is a 1, the transmit and receive sections will be configured 
to be synchronous. In this case, the bandpass switched-capacitor filter and the A/D conversion timing will 
be derived from the TX Counter A, TX Counter B, and TA, TA’, and TB registers, rather than the RX Counter 
A, RX Counter B, and RA, RA’, and RB registers. In this case, the AIC FSX and FSR timing will be identical 
during primary data communication; however, FSR will not be asserted during secondary data communication 
since there is no new A/D conversion result. The synchronous operation sequences are as follows (see Serial 
Port Timing diagrams). 

L Serial port directly interfaces with the serial port of the TMS32011 or TMS320C17 and communicates 

in two 8-bit bytes. The operation sequence is as follows (see Serial Port Timing diagrams): 

1. The FSX and FSR pins are brought low. 

2. One 8-bit byte is transmitted and one 8-bit byte is received. 

3. The EODX and EODR pins are brought low. 

4. The FSX and FSR pins emit positive frame-sync pulses that are 

four Shift Clock cycles wide. 

5. One 8-bit byte is transmitted and one 8-bit byte is received. 

6. The EODX and EODR pins are brought high. 

7. The FSX and FSR pins are brought high. 

H Serial port directly interfaces with the serial port of the TMS32020, TMS320C25, or TMS320C30 
and communicates in one 16-bit word. The operation sequence is as follows (see Serial Port Timing 
diagrams): | 

1. The FSX and FSR pins are brought low. 

2. One 16-bit word is transmitted and one 16-bit word is received. 

3. The FSX and FSR pins are brought high. 

4. The EODX or EODR pins emit low-going pulses. 
Since the transmit and receive sections of the AIC are now synchronous, the AIC serial port, with additional 
NOR and AND gates, will interface to two SN74299 serial-to-parallel shift registers. Interfacing the AIC to 
the SN74299 shift register allows the AIC to interface to an external FIFO RAM and facilitates parallel, data 
bus communications between the AIC and the digital signal processor. The operation sequence is the same 
as the above sequence (see Serial Port Timing diagrams). 
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INTERNAL TIMING CONFIGURATION 


MASTER CLOCK rot BR ee, teas ee eee SHIFT CLOCK 


5.184 MHz (1) 4 DIVIDE BY 4 1.296 MHz (1) 


10.368 MHz (2) ae errr ss Ss eae 2.592 MHz (2) 
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576-kHz RB = 20; 14.4 kHz 
PULSES RB=15; 19.2 kHz 
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ao Palo vii Homme o yak emer rn 


Master Clock Frequenc 
SCF Clock Frequency = Biibateisde hut oly: teriateadaalts 
2 x Contents of Counter A 


NOTE: Frequency 1, 20.736 MHz, is used to show how 153.6 kHz (for a commercially available modem split-band filter clock), popular 
speech and modem sampling signal frequencies, and an internal 288-kHz switched-capacitor filter clock can be derived synchronously 
and as submultiples of the crystal oscillator frequency. Since these derived frequencies are synchronous submultiples of the crystal 
frequency, aliasing does not occur as the sampled analog signal passes between the analog converter and switched-capacitor filter 
stages. Frequency 2, 41.472 MHz, is used to show that the AIC can work with high-frequency signals, which are used by high- 
speed digital signal processors. 

TSplit-band filtering can alternatively be performed after the analog input function via software in the TMS320. 

tThese control bits are described in the AIC DX Data Word Format section. 
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explanation of internal timing configuration 


All of the internal timing of the AIC is derived from the high-frequency clock signal that drives the Master 
Clock input pin. The Shift Clock signal, which strobes the serial port data between the AIC and DSP, is 
derived by dividing the Master Clock input signal frequency by four. 


Master Clock Frequency 
2 x Contents of Counter A 


SCF Clock Frequency 


SCF Clock Frequency 
Contents of Counter B 


Conversion Frequency 


2 


Master Clock Frequency 
4 


II 


Shift Clock Frequency 


TX Counter A and TX Counter B, which are driven by the Master Clock signal, determine the D/A conversion 
timing. Similarly, RX Counter A and RX Counter B determine the A/D conversion timing. In order for the 
switched-capacitor low-pass and bandpass filters to meet their transfer function specifications, the 
frequency of the clock inputs of the switched-capacitor filters must be 288 kHz. If the frequencies of the 
clock inputs are not 288 kHz, the filter transfer function frequencies are scaled by the ratios of the clock 
frequencies to 288 kHz. Thus, to obtain the specified filter responses, the combination of Master Clock 
frequency and TX Counter A and RX Counter A values must yield 288-kHz switched-capacitor clock signals. 
These 288-kHz clock signals can then be divided by the TX Counter B and RX Counter B to establish the 
D/A and A/D conversion timings. 


Data Sheets 


TX Counter A and TX Counter B are reloaded every D/A conversion period, while RX Counter A and RX 
Counter B are reloaded every A/D conversion period. The TX Counter B and RX Counter B are loaded with 
the values in the TB and RB Registers, respectively. Via software control, the TX Counter A can be loaded 
with either the TA Register, the TA Register less the TA’ Register, or the TA Register plus the TA’ Register. 
By selecting the TA Register less the TA’ Register option, the upcoming conversion timing will occur earlier 
by an amount of time that equals TA’ times the signal period of the Master Clock. By selecting the TA 
Register plus the TA’ Register option, the upcoming conversion timing will occur later by an amount of 
time that equals TA’ times the signal period of the Master Clock. Thus, the D/A conversion timing can 
be advanced or retarded. An identical ability to alter the A/D conversion timing is provided. In this case, 
however, the RX Counter A can be programmed via software control with the RA Register, the RA Register 
less the RA’ Register, or the RA Register plus the RA’ Register. 


The ability to advance or retard conversion timing is particularly useful for modem applications. This feature 
allows controlled changes in the A/D and D/A conversion timing. This feature can be used to enhance 
signal-to-noise performance, to perform frequency-tracking functions, and to generate nonstandard modem 
frequencies. 


If the transmit and receive sections are configured to be synchronous (see WORD/BYTE pin description), 
then both the low-pass and bandpass switched-capacitor filter clocks are derived from TX Counter A. Also, 
both the D/A and A/D conversion timing are derived from the TX Counter A and TX Counter B. When the 
transmit and receive sections are configured to be synchronous, the RX Counter A, RX Counter B, RA 
Register, RA’ Register, and RB Registers are not used. 


TEXAS ti 
INSTRUMENTS 2-255 


POST OFFICE BOX 655012 * DALLAS. TEXAS 75265 


TLE320401, TLC32040C, TLC320411, TLC32041C, 
TLO320421, TLC32042C 
ANALOG INTERFACE CIRCUITS 


AIC DR or DX word bit pattern 


A/D or D/A MSB, 
1st bit sent 1st bit sent of 2nd byte A/D or D/A LSB 


[ois] ra] ora] o12] O11] O10] Da] va] 07] D6] OS] vA] Da | v2] oi | 00] 


AIC DX data word format section 


COMMENTS 
primary DX serial communication protocol 
< d15 (MSB) through d2 go to the D/A . The TX and RX Counter A’s are loaded with the TA and RA register 
2 converter register values. The TX and RX Counter B’s are loaded with TB and RB 
register values. 
w) < d15 (MSB) through d2 go to the D/A The TX and RX Counter A’s are loaded with the TA+TA’ and 
Q converter register RA+RA‘ register values. The TX and RX Counter B’s are loaded 
o> with the TB and RB register values. NOTE: d1 =O, dO =1 will cause 
© the next D/A and A/D conversion periods to be changed by the 
2) addition of TA’ and RA’ Master Clock cycles, in which TA’ and 
= RA’ can be positive or negative or zero. Please refer to 
@ Table 1. AIC Responses to Improper Conditions. 
m < d15 (MSB) through d2 go to the D/A The TX and RX Counter A’‘s are loaded with the TA—TA’ and 
converter register RA — RA‘ register values. The TX and RX Counter B's are loaded 
with the TB and RB register values. NOTE: d1 = 1, d0=O will cause 
the next D/A and A/D conversion periods to be changed by the 
subtraction of TA‘ and RA’ Master Clock cycles, in which TA’ and 
RA’ can be positive or negative or zero. Please refer to 
Table 1. AIC Responses to Improper Conditions. 
< d15 (MSB) through d2 go to the D/A The TX and RX Counter A‘s are loaded with the TA and RA register 
converter register values. The TX and RX Counter B's are loaded with the TB and 
RB register values. After a delay of four Shift Clock cycles, a 
secondary transmission will immediately follow to program the AIC 
to operate in the desired configuration. 
NOTE: Setting the two least significant bits to 1 in the normal transmission of DAC information (Primary Communications) to the AIC 
will initiate Secondary Communications upon completion of the Primary Communications. 
Upon completion of the Primary Communication, FSX will remain high for four SHIFT CLOCK cycles and will then go low and initiate 
the Secondary Communication. The timing specifications for the Primary and Secondary Communications are identical. In this manner, 
the Secondary Communication, if initiated, is interleaved between successive Primary Communications. This interleaving prevents 
the Secondary Communication from interfering with the Primary Communications and DAC timing, thus preventing the AIC from 
skipping a DAC output. It is important to note that in the synchronuus mode, FSR will not be asserted during Secondary 
Communications. 
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secondary DX serial communication protocol 
x x | < to TA register |x x| + to RA register > | 0 O | d13 and d6 are MSBs (unsigned binary) 


x |< to TA’ register |x | < to RA’ register —> | 0 1 | d14 and d7 are 2’s complement sign bits 
1 


x|* to TB register —| x | + to RB register —> | 1 0 | d14 and d7 are MSBs (unsigned binary) 


PW Gates Gras Smee Omen) Geet tii ¢ d7d6 d5 d4 d3 d2 
CONTROL 
REGISTER 


—_ 


d2 
d3 = O/1 disables/enabies the loopback function 

d4 O0/1 disables/enables the AUX IN+ and AUX IN— pins 
d5 = 0/1 asynchronous/synchronous transmit and receive sections 


i 


0/1 deletes/inserts the bandpass filter 


i 


d6 = 0/1 gain control bits (see Gain Control Section) 


d7 = 0/1 gain control bits (see Gain Control Section) 


reset function 


2 


A reset function is provided to initiate serial communications between the AIC and DSP. The reset function bl 
will initialize all AIC registers, including the control register. After power has been applied to the AIC, a = 
negative-going pulse on the RESET pin will initialize the AIC registers to provide an 8-kHz A/D and © 
D/A conversion rate for a 5.184 MHz master clock input signal. The AIC, excepting the CONTROL register, Y 
will be initialized as follows (see AIC DX Data Word Format section): & 
© 
INITIALIZED a) 
REGISTER 
REGISTER VALUE (HEX) 
TA 9 
TA’ 1 
TB 24 
RA 9 
RA’ 1 
RB 24 
The CONTROL register bits will be reset as follows (see AIC DX Data Word Format section): 
a7 = 15':d6-2- 1.661 dé = 0 63220702 = 3 
This initialization allows normal serial port communications to occur between AIC and DSP. If the transmit 
and receive sections are configured to operate synchronously and the user wishes to program different 
conversion rates, only the TA, TA’, and TB register need to be programmed, since both transmit and receive 
timing are synchronously derived from these registers (see the Pin Descriptions and AIC DX Word Format 
sections). 
The circuit shown below will provide a reset on power-up when power is applied in the sequence given 
under Power-Up Sequence. The circuit depends on the power supplies’ reaching their recommended values 
a minimum of 800 ns before the capacitor charges to 0.8 V above DGTL GND. 
TLC32040/ 
TLC32041/ 
TLC32042 
+5 V 
200 kQ 
0.5 uF 
-5V 
Texas WW 
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power-up sequence 


To ensure proper operation of the AIC, and as a safeguard against latch-up, it is recommmended that a 
Schottky diode with a forward voltage less than or equal to 0.4 V be connected from VCC — to ANLG 
GND (see Figure 17). In the absence of such a diode, power should be applied in the following sequence: 
ANLG GND and DGTL GND, Vcc _, then Vcc + and Vpp. Also, no input signal should be applied until 
after power-up. 


AIC responses to improper conditions 


The AIC has provisions for responding to improper conditions. These improper conditions and the response 
of the AIC to these conditions are presented in Table 1 below. 


2 AIC register constraints 


The following constraints are placed on the contents of the AIC registers: 


s 1. TA register must be > 1. 
Q) 2. TA’ register can be either positive, negative, or zero. 
nn 3. RA register must be > 1. 
= 4. RA’ register can be either positive, negative, or zero. 
@ 5. (TA register + TA’ register) must be > 1. 
oO 6. (RA register + RA’ register) must be > 1. 
” 7. TB register must be > 1. 
TABLE 1. AIC RESPONSES TO IMPROPER CONDITIONS 
TA register + TA’ register = Oor 1 Reprogram TX Counter A with TA register value 
TA register + TA’ register < O MODULO 64 arithmetic is used to ensure that a positive value is loaded into the TX Counter A, 
i.e., TA register + TA’ register + 40 HEX is loaded into TX Counter A 
RA register + RA’ register = O or 1 Reprogram RX Counter A with RA register value 
RA register + RA’ register = Oor 1 MODULO 64 arithmetic is used to ensure that a positive value is loaded into RX Counter A, 
i.e., RA register + RA‘ register + 40 HEX is loaded into RX Counter A 
TA register = O or 1 AIC is shut down 
improper operation due to conversion times being too close together 
If the difference between two successive D/A conversion frame syncs is less that 1/19.2 kHz, the AIC 
operates improperly. In this situation, the second D/A conversion frame sync occurs too quickly and there 
is not enough time for the ongoing conversion to be completed. This situation can occur if the A and B 
registers are improperly programmed or if the A + A’registerorA — A’ register result is too small. When 
incrementally adjusting the conversion period via the A + A’ register options, the designer should be very 
careful not to violate this requirement (see diagram below). 
t4 t2 
FRAME 7] = certs ce 
SYNC 
FSX 
OR | | 
SA k¢—- ONGOING CONVERSION —> 
io-— t4 2 1/79:2 kHz 
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asynchronous operation — more than one receive frame sync occurring between two transmit frame 
syncs 


When incrementally adjusting the conversion period via the A + A’orA — A’‘register options, a specific 
protocol is followed. The command to use the incremental conversion period adjust option is sent to the 
AIC during a FSX frame sync. The ongoing conversion period is then adjusted. However, either Receive 
Conversion Period A or B may be adjusted. For both transmit and receive conversion periods, the incremental 
conversion period adjustment is performed near the end of the conversion period. Therefore, if there is 
sufficient time between t1 and t2, the receive conversion period adjustment will be performed during Receive 
Conversion Period A. Otherwise, the adjustment will be performed during Receive Conversion Period B. 
The adjustment command only adjusts one transmit conversion period and one receive conversion period. 
To adjust another pair of transmit and receive conversion periods, another command must be issued during 
a subsequent FSX frame (see figure below). 


2 


t 


FSX | | | | 


H | 
¢—_———————_ TRANSMIT CONVERSION PERIOD ————————__> 
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K¢— RECEIVE CONV. —®4@— RECEIVE CONV.—9 
PERIOD A PERIOD B 


asynchronous operation — more than one transmit frame sync occurring between two receive frame 
syncs 


When incrementally adjusting the conversion period via the A + A’orA — A’ register options, a specific 
protocol is followed. For both transmit and receive conversion periods, the incremental conversion period 
adjustment is performed near the end of the conversion period. The command to use the incremental 
conversion period adjust options is sent to the AIC during a FSX frame sync. The ongoing transmit conversion 
period is then adjusted. However, three possibilities exist for the receive conversion period adjustment 
in the diagram as shown in the figure below. If the adjustment command is issued during Transmit 
Conversion Period A, Receive Conversion Period A will be adjusted if there is sufficient time between t1 
and t2. Or, if there is not sufficient time between t1 and t2, Receive Conversion Period B will be adjusted. 
Or, the receive portion of an adjustment command may be ignored if the adjustment command is sent 
during a receive conversion period, which is already being or will be adjusted due to a prior adjustment 
command. For example, if adjustment commands are issued during Transmit Conversion Periods A, B, 
and C, the first two commands may cause Receive Conversion Periods A and B to be adjusted, while the 
third receive adjustment command is ignored. The third adjustment command is ignored since it was issued 
during Receive Conversion Period B, which already will be adjusted via the Transmit Conversion Period B 
adjustment command. 


}@- TRANSMIT CONV. -Di- TRANSMIT CONV.-O4@ TRANSMIT CONV. - 
PERIOD A PERIOD B PERIOD C 


t2 


FSR | | | | | | 


| | I 
\¢—— RECEIVE CONVERSION PERIOD A ————oat— RECEIVE CONVERSION PERIOD B—————_ 
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asynchronous operation — more than one set of primary and secondary DX serial communication 
occurring between two receive frame sync (see AIC DX Data Word Format section) 


The TA, TA’, TB, and control register information that is transmitted in the secondary communications 
is always accepted and is applied during the ongoing transmit conversion period. If there is sufficient time 
between t1 and t2, the TA, RA’, and RB register information, which is sent during Transmit Conversion 
Period A, will be applied to Receive Conversion Period A. Otherwise, this information will be applied during 
Receive Conversion Period B. If RA, RA’, and RB register information has already been received and is 
being applied during an ongoing conversion period, any subsequent RA, RA’, or RB information that is 
received during this receive conversion period will be disregarded (see diagram below). 


ty 


2 PRIMARY SECONDARY PRIMARY SECONDARY PRIMARY SECONDARY 
0 FSX 
pe) 
o> | | 
0) TRANSMIT | TRANSMIT TRANSMIT | 
}¢————— CONVERSION} CON VERSION ——_#*"__ CONVERSION ————__ 
” PERIOD A PERIOD B PERIOD C 
> 
t2 

4°) 
cok 
eas 

FSR 


| | 
RECEIVE CONVERSION 
N PERIOD B—_—__———___> 
— PERIOD A ——>-—______- RECEIVE CONVERSIO O 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


SUBDIK Vorade. Vert. see HOt Ti er eee PS eee -0.3 V to 15 V 
SUH CORIO Orato tes See uc ee ee Be ee oo ks ee eee —-0.3 V to 15 V 
Ser eres es ot es | BS ee Re Pha es ON eT ee ale? eee See ~O0:3'V' to 15. V 
IDE OCMC Wier ete te co Pte Deere ee eG ee oe ee eee —0.3-V to’ 15 V 
Pion Grune vomage eer? ¢ ECV eee ade oe ae ad ee eS ~O/S°V to 15 V 
Operating free-air temperature range: TLC32040I, TLC320411, TLC32042! ...... — 40°C to 85°C 

TLES2040C; TLES2ZO41C, TECS20426 oS. OSC t0-70"°C 
Sterage temperature range 2. se Re Pe ee a ~65°Cito FSD °C 
Case femperature-tor 10° seconds: | FN package 200). FSA ee ECR 2 BE a 260°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: N package ............ 260°C 


NOTE 1: Voltage values for maximum ratings are with respect to VCC -. 
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recommended operating conditions 


Supply voltage, Vcc + (see Note 2) 4.75 5 5:25 
Supply voltage, Vcc — (see Note 2) —4.75 —5 
Digital supply voltage, Vpp (see Note 2) 
Digital ground voltage with respect to ANLG GND, DGTL GND 
Reference input voltage, Vref(ext) (see Note 2) 


Nh 
mS oa 


PARAMETER 


cS 
< 
= 


| 
“sir 
N 
a 
< 


High-level input voltage, Viy 2 Vpp +0. 
Low-level input voltage, Vj, (see Note 3) 

Load resistance at OUT + and/or OUT —, Ry 300 

Load capacitance at OUT+ and/or OUT—, Ci 100 p 
MSTR CLK frequency (see Note 4) 0.075 5 10.368 MHz 


NOTES: 2. 


a 


4. 


Analog input amplifier common mode input voltage (see Note 5) 
A/D or D/A conversion rate 
Conversion rate 


Operating free-air temperature, Ta 


V 
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TLC32040C, TLC32041C, TLC32042C 


Voltages at analog inputs and outputs, REF, Vcc +, and Vcc —, are with respect to the ANLG GND terminal. Voltages at 
digital inputs and outputs and Vpp are with respect to the DGTL GND terminal. 

The algebraic convention, in which the least positive (most negative) value is designated minimum, is used in this data sheet 
for logic voltage levels and temperature only. 

The bandpass and low-pass switched-capacitor filter response specifications apply only when the switched-capacitor clock 
frequency is 288 kHz. For switched-capacitor filter clocks at frequencies other than 288 kHz, the filter response is shifted 
by the ratio of switched-capacitor filter clock frequency to 288 kHz. 

This range applies when (IN+ — IN—) or (AUX IN+ — AUX IN—) equals +6 V. 
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electrical characteristics over recommended operating free-air temperature range, VCC + = 5 V, 
Vcc—-— = -5V, Vpp = 5 V (unless otherwise noted) 


total device, MSTR CLK frequency = 5.184 MHz, outputs not loaded 


PARAMETER TEST CONDITIONS MIN TYPT MAX | UNIT 
VOH _ High-level output voltage Vpp = 4.75 V, lo = —300 A 
VoL _ Low-level output voltage Vop = 4.75 V, lot = 2 mA 


4 
es Bewiaientonvece Pregee erg | 
re aerate! 


IDD Supply current from Vpp fMiSTR CLK = 5.184 MHz 
Vref Internal reference output voltage 


Temperature coefficient of internal Op 
Mi ppm 
Vref reference voltage 


lo Output resistance at REF 
receive amplifier input 


PARAMETER 
A/D converter offset error (filters bypassed) 
A/D converter offset error (filters in) 


2565 
Po ee 2565 
Common-mode rejection ratio at IN+, IN-, 

CMRR See Note 6 55 

or AUX IN+, AUX IN—- 

Input ist tIN+, IN- 

nput resistance a 100 KO 

or AUX IN+, AUX IN—, REF 

transmit filter output 


PARAMETER TEST CONDITIONS MIN TYPT MAX UNIT 


Output offset voltage at OUT + or OUT — 
Voo : : mV 
(single-ended relative to ANLG GND) 


TEST CONDITIONS MIN TYPT MAX UNIT 


sjaaus eleg HS 


15 75 
y Maximum peak output voltage swing across Ri = 300 2, a 
spi Ri at OUT+ or OUT — (single-ended) Offset voltage = O “4 
Maximum peak output voltage swing between 
Vom ie sit . 7 Ri = 60029 +6 
OUT + and OUT — (differential output) 


TAI typical values are at Ta = 25°C. 
NOTE 6: The test condition is a O-dBm, 1-kHz input signal with an 8-kHz conversion rate. 
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electrical characteristics over recommended operating free-air temperature range, VCC + = 5 V, 
Vcc- = -5V, Vpp = 5 V (unless otherwise noted) 


system distortion specifications, SCF clock frequency = 288 kHz 


TEST CONDITIONS MIN TYPt MAX 
Attenuation of second harmonic of | single-ended} Vj, = —0O.1 dB to ~— 24 dB referred to Vref, : 

differential See Note 7 

single-ended| V;, = —0.1 dB to —24 dB referred to Vref, ee 
harmonics of A/D input signal differential See Note 7 o7 65 

single-ended} Vj, = —O dB to — 24 dB referred to Vref. 70 4B 
D/A input signal differential See Note 7 62 70 

single-ended| Vj, = —O dB to — 24 dB referred to Vref, 65 dB 
harmonics of D/A input signal differential See Note 7 bv 65 

A/D channel signal-to-distortion ratio 


TEST CONDITIONS Ay = 1% Ay = 2? Ay = 43 
PARAMETER UNIT 
(see Note 7) | MIN MAX | MIN MAX | MIN MAX | — 
>588 


Vin = -6 dB to -0.1 dB 58 


>588 
Vin = ~12 dB to —6 dB 58 58 >588 
Vin = -18dBto -12dB | 56 7, oe 58 
Vin = —24dBto -18dB | 50 ee Se 
Vin = ~30dBto -244B | 44 
Vin = —36 dB to —30 dB 44 Sh ae 


UNIT 


Q. 
@ 


7 2) 
oe 
® 
<b] 
i 98 
Fp) 
4 
ee! 
© 
a) 


A/D channel signal-to-distortion ratio 


Vin = —48 dB to —42 dB 26 


Vin = —54 dB to —48 dB 26 —- 32 


w 
Nh 
w 
co 


D/A channel signal-to-distortion ratio 


TEST CONDITIONS 
PARAMETER ; MIN MAX UNIT 
(see Note 7) | 


Vin = —6 dB to —0.1 dB 58 
Vin = —12 dB to -6 dB 58 
Vig = —18 dBto -12 08 56 
Vin = —24 dB to -18 dB 
D/A channel signal-to-distortion ratio fe Oa te SOA dB 
Vin = —36 dB to -30 dB 38 
Vin = —42 dB to -36 dB Fhe ieee 
Vin = —48 dB to —42 dB sete 


gain and dynamic range 


PARAMETER TEST CONDITIONS MIN TYPt MAX UNIT 


Absolute transmit gain tracking error while transmitting —48 dB to O GB signai range, 
into 600 Q See Note 8 
; : : —48 dB to O dB signal range, 
Absolute receive gain tracking error 
See Note 8 


TAIl typical values are at Ta = 25°C. 
“Ay is the programmable gain of the input amplifier. 
8A value > 58 is overrange and signal clipping occurs. 
NOTES: 7. The test condition is a 1-kHz input signal with an 8-kHz conversion rate (O dB relative to Vre¢). The load impedance for the 
DAC is 600 2. 
8. Gain tracking is relative to the absolute gain at 1 kHz and O dB (O db relative to Vref). 


+005 26: T5 


+0:05- +0-75 
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power supply rejection and crosstalk attenuation 


PARAMETER TEST CONDITIONS MIN TYPt MAX UNIT 
f = 0 to 30-44 Idle channel, supply signal 
at 200 mV p-p measured 
f= SOM eee? | at OR (ADC output) a 
= 0 to 30 kHz Idle channel, supply signal 
at 200 mV p-p measured 


Vcoc+ or Vcc — supply voltage 
rejection ratio, receive channel 


Vcc + or Vcc — supply voltage 


rejection ratio, transmit channel 


f 
single-ended f= 30KHe to 60KHE | ae ours 


3 
4 


delay distortion, SCF clock frequency = 288 kHz +2%, input (IN+ - IN—) is +3-V sinewave 


Please refer to filter response graphs for delay distortion specifications. 


TLC32040 and TLC32041 bandpass filter transfer function (see curves), SCF clock 
frequency = 288 kHz +2%, input (IN+ - IN—) is a +3-V sinewave (see Note 9) 


PARAMETER TEST CONDITIONS 
f = 100 Hz 
f = 170 Hz 
Filter Gain 
Input signal reference is O dB 300 Hz < f < 3.4 kHz -0.5 
(see Note 10) aE 
= z 


f => 4.6 kHz 


TLC32042 bandpass filter transfer function (see curves), SCF clock frequency = 288 kHz +2%, 
input (IN+ —- IN—) is a +3-V sinewave (see Note 9) 


PARAMETER TEST CONDITIONS 


Filter Gain 
(see Note 10) 


Filter Gain 
(see Note 10) 


serial port 


PARAMETER TEST CONDITIONS 


VoH High-level output voltage = —300 pA 
OL 
| 


oa 


Low-level output voltage 


V 
cor ees ee ee 
ae er 


T All typical values are at Ta = 25°C. : 

NOTES: 9. The above filter specifications are for a switched-capacitor filter clock range of 288 kHz + 2%. For switched-capacitor filter 
clocks at frequencies other than 288 kHz +2%, the filter response is shifted by the ratio of switched-capacitor filter clock 
frequency to 288 kHz. 

10. The filter gain outside of tte passband is measured with respect to the gain at 1 kHz. The filter gain within the passband 
is measured with respect to the average gain within the passband. The passbands are 300 to 3400 Hz and O to 3400 Hz 
for the bandpass and lowpass filters respectively. 
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operating characteristics over recommended operating free-air temperature range, VCC + = 5 V, 
Vcc- = -5V,.Vpp = 5V 


noise (measurement includes low-pass and bandpass switched-capacitor filters) 


PARAMETER TEST CONDITIONS TyPt MAX | UNIT 
single-ended 
Transmit noise Na ee DX input = 00000000000000, constant input code 500 
irerentia 


300 


Receive noise (see Note 11) Inputs grounded, gain 
timing requirements 
serial port recommended input signals 
PARAMETER [win Max | 2 
iGIMCLK) Master clock oycle time Ss 
sree ® 
W{MCLK) Master clock rise time = 
WIMCLK) Master clock fall time w 
Master clock duty cycle 42% 58% Fae ae o 
BESET Ges csetn ook NES > 
tsuDX)__DX setup time before SCLK ae a ere 
thi(DX) DX hold time after SCLK! te(SCLK)/4 
T All typical values are at Ta = 25°C. 
NOTES: 11. This noise is referred to the input with a buffer gain of one. If the buffer gain is two or four, the noise figure will be 
correspondingly reduced. The noise is computed by statistically evaluating the digital output of the A/D converter. 
12. RESET pulse duration is the amount of time that the reset pin is held below 0.8 V after the power supplies have reached 
their recommended values. 
af b, 
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correction results 


Table 4 below shows the optimum p values and the corresponding correction results for 8000-Hz and 
9600-Hz sampling rates. 


TABLE 4 


ERROR (dB) ERROR (dB) 

fs = 8000 Hz fs = 9600 Hz 
pl = -0.14813 | pi = -0.1307 
p2 = 0.9888 p2 = 0.9951 


sj90US e1egq Bye 


TMS320 software requirements 


The digital correction filter equation can be written in state variable form as follows: 
¥ =) k1Y.+k2uU 


where k1 equals p1 (from the preceding page), k2 equals (1 —p1)p2 (from the preceding page), Y is the 
filter state, and U is the next I/O sample. The coefficients k1 and k2 must be represented as 16-bit integers. 
The SACH instruction (with the proper shift) will yield the correct result. With the assumption that the 
TMS320 processor page pointer and memory configuration are properly initialized, the equation can be 
executed in seven instructions or seven cycles with the following program: 


ZAC 

LT K2 

MPY U 

LTA K1 

MPY Y 

APAC 

SACH (dma), (shift) 
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sin x/x correction section 


The AIC does not have sin x/x correction circuitry after the digital-to-analog converter. Sin x/x correction 
can be accomplished easily and efficiently in digital signal processor (DSP) software. Excellent correction 
accuracy can be achieved to a band edge of 3000 Hz by using a first-order digital correction filter. The 
results, which are shown below, are typical of the numerical correction accuracy that can be achieved 
for sample rates of interest. The filter requires only seven instruction cycles per sample on the 
TMS320 DSPs. With a 200-ns instruction cycle, nine instructions per sample represents an overhead factor 
of 1.4% and 1.7% for sampling rates of 8000 Hz and 9600 Hz, respectively. This correction will add a 
slight amount of group delay at the upper edge of. the 300—3000-Hz band. 


sin x/x roll-off for a zero-order hold function 


2 


The sin x/x roll-off for the AIC DAC zero-order hold function at a band-edge frequency of 3000 Hz for 
the various sampling rates is shown in the table below. 


TABLE 3. sin x/x ROLL-OFF 


sin x f/fs 
r fifs 
(f = 3000 Hz) 
(dB) 


20 log 


Data Sheets 


Note that the actual AIC sin x/x roll-off will be slightly less than the above figures, because the AIC has 
less than a 100-% duty cycle hold interval. 


correction filter 


To compensate for the sin x/x roll-off of the AIC, a first-order correction filter shown below, is recommended. 


Ui + 1) Y(i+ 1) 


(1—p1)P2 


p1 


The difference equation for this correction filter is: 
Yit1 = p2(1—p1) (uj+1)+P1 yi 

where the constant p1 determines the pole locations. 
The resulting squared magnitude transfer function is: 


p22 (F=p1j2 


|Hif)|2 SY ERS, BOE  S -S 5 EP) 
t.=<Zpl Col? #4 Tep +. pl 
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operating characteristics over recommended operating free-air temperature range, VCC + = 5 V, 
Vcc-— = -5V, Vpp = 5 V (continued) 


serial port — AIC output signals 


Shift clock (SCLK) rise time 
Shift clock (SCLK) duty cycle 


td(CH-FL) Delay from SCLKT to FSR/FSX! 
td(CH-FH) Delay from SCLKT to FSR/FSXT 


4 tdiCH-DR DR valid after SCLKT 
tdw(CH-EL) Delay from SCLKT to EODX/EODR! in word mode 
0 tdw(CH-EH) Delay from SCLKT to EODX/EODRT in word mode 
® tt(/EODX) EODX fall time 
pe) tf(EODR EODR fall time 
dp) tdb(CH-EL) | Delay from SCLKT to EODX/EODR} in byte mode 
4 tdb(CH-EH) Delay from SCLKT to EODX/EODRT in byte mode 
> 
~” TABLE 2. GAIN CONTROL TABLE 
(ANALOG INPUT SIGNAL REQUIRED FOR FULL-SCALE A/D CONVERSION) 
INPUT CONFIGURATIONS CONTROL REGISTER BITS ANALOG INPUTT A/D CONVERSION 
Pee. | aca RESULT 
Differential configuration 1 1 +6V full-scale 
Analog input = IN+ — IN—- O ¢) 
Single-ended configuration 1 1 £3. V half-scale 
Analog input= IN+ — ANLG GND 6) 0 
1 = of full-scale 
TIn this example, Vref is assumed to be 3 V. In order to minimize distortion, it is recommended that the analog input 
not exceed 0.1 dB below full scale. 
Rfb Rfb 
R R 
IN + AUX IN+ 
* > TO MUX R TO MUX 
IN — \ AUX IN- 
Rb Rfb 
Rfh = R for d6 = 1, d7 = 1 Rfh = R for d6 = 1, d7 = 1 
d6 = 0,d7 = 0 d6 = 0,d7 = 0 
Rfh = 2R for d6 = 1, d7 = 0 Rfh = 2R for d6 = 1, d7 = 0 
Reh = 4R for d6 = 0, d7 = 1 Rfh = 4R for d6 = 0, d7 = 1 
FIGURE 1. IN+ AND IN- GAIN FIGURE 2. AUX IN+ AND AUX IN- 
CONTROL CIRCUITRY GAIN CONTROL CIRCUITRY 
Ti 43 
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byte-mode timing 


—metH(SCLK) =) tr(SCLK) }*——>} tc(SCLK) 


SHIFT CLK 2V 2V 2VvV 2V 2V 2VvV 
O8v Oo8Vv | 


| | | 
ies | | 
td(CH-FL)-» ke , | —| le td(CH-FH) + le t(CH-FL) td(CH-FH}>| ke 
| |! | | 
| 
| 
| 


ae eas | See 
FSR, FSX hogy | | ig? fe f 


| i le 'd(CH-DR) 


| 
| 
Ti | 
| 


Langues e— 


let t : : 
—| h(DX) ie fe db(CH-EL) tdb(CH-EH)| fe 


EODR, EODX ap Fe : 


word-mode timing 


2 
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> tc(SCLK) 
| 
SHIFT CLK 2v = | | oNF ye 


O8v O8V 


! 
| 
| 
td(CH-FH)—> ke 
2 


ithe ee | | lf2v 
FSX, FSR OB Vv 


| 
| | 
| 
| 


| 
i le-td(CH-DR) 
DR D15 (014 X 013 f012) p11 i ee 
| 
tsu(DX)-4 be , , 
a T CARE 

(ois (ora ora Yor?) D1) aces 

: 
t 
4 fe tw0w tawiCH-EL kot ke tdw(CH-EH) 
wa ey 
ae 2V 
EODX, EODR O8V 


FIGURE 3. SERIAL PORT TIMING 
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T™MS32010 


TLC32040/ 
TLC32041/ 
TLC32042 


SHIFT CLK 


sjaays eleg ES) 


CLK OUT 
INT 


FIGURE 4. TMS32010-TLC32040/TLC32041/TLC32042 INTERFACE CIRCUIT 


in instruction timing 


CLK OUT 
| 
DEN | 
So, G1 | 


Out instruction timing 


CLK OUT | | | | | 


| 
WE ! | 
| 
SN74LS138 Y1 | | 


SN74LS299 CLK | 


DO-D15 VALID 


FIGURE 5. TMS32010-TLC32040/TLC32041/TLC32042 INTERFACE TIMING 
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TYPICAL CHARACTERISTICS 


AIC TRANSMIT CHANNEL FILTER 


Group Delay 


See 
pees Bees 


oP eee eee 
RES 


Magnitude — dB 
Relative Group Delay —ms 
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SCF clock frequency 


N lized F —kH 
ormalized Frequency z x 288 kHz 


NOTES: A. Maximum relative delay (O Hz to 600 Hz) = 125 us. 

B. Maximum relative delay (600 Hz to 3000 Hz) = +50 us. 
C. Absolute delay (600 Hz to 3000 Hz) = 700 us. 
D 


. Test conditions are Vcc +, Vec—, and Vpp within recommended operating conditions, SCF clock f = 288 kHz +2%, 
input = +3-V sinewave, and Ta = 25°C. 


FIGURE 6 
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TYPICAL CHARACTERISTICS 


TLC32040 and TLC32041 
RECEIVE CHANNEL FILTER 


jaa 
a Note A ee aie ne it 


” 
£ 
| 
fea) > 
ao) & 
0.15 @® 
2 : : 
5 01 3 
= ° 
os 6 
7 3 0.05 @ 
0) = 
pad - 60 0 s 
® WW IVIL é 
”n f—~J 0. 05 
=> See Note B eek 
~80 0.1 
® 
oy -90 0.15 
~” 0 1 Zz 3 4 5 


SCF clock frequency 


Normalized Frequency—kHz x 288 kHz 


NOTES: . Maximum relative delay (200 Hz to 600 Hz) = 3350 us. 

. Maximum relative delay (600 Hz to 3000 Hz) = +50 us. 

. Absolute delay (600 Hz to 3000 Hz) = 1230 us 

. Test conditions are Vcc +, VCC-—, and Vpp within recommended operating conditions, SCF clock f = 288 kHz +2%, 


input = +3-V sinewave, and Ta = 25°C. 


00ONW>YD 


FIGURE 7 
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TYPICAL CHARACTERISTICS 


TLC32042 
E 
| 
wo o 
ng 7) 
| (an) 
o 
E : 2 
5 
s 3 g 
iE a 
S ® 
= x= 
7p) 
© 
~ 
© 
Q 


SCF clock frequenc 
288 kHz 


Normalized Frequency —kHz x 


NOTES: A. Maximum relative delay (200 Hz to 600 Hz) = 3350 us. 

. Maximum relative delay (600 Hz to 3000 Hz) = +50 us. 

. Absolute delay (600 Hz to 3000 Hz) = 1080 us. 

. Test conditions are Vcc +, VcCc-—, and Vpp within recommended operating conditions, SCF clock f = 288 kHz +2%, 
input = +3-V sinewave, and Ta = 25°C. 


OO W 


FIGURE 8 
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TYPICAL CHARACTERISTICS 


A/D SIGNAL-TO-DISTORTION RATIO A/D GAIN TRACKING 
vs (GAIN RELATIVE TO GAIN 


INPUT SIGNAL AT O dB INPUT SIGNAL) 


1-kHz input signal with an 
8-kHz conversion rate 


70 = 

co 

7 

= a 
2 % a) 

cc | 

5 3 
0 = 2 
m2 E 
o 3 : 

- © 
” = " 
Bo 
) 
~ 
nH 

5 ! 
DD == 4O6 oe SO ZO tO 0 10 =§0.-=40:;(/-30 .+20- -10 0 10 
Input Signal Relative to Vre¢—dB Input Signal Relative to Vre¢—dB 
FIGURE 9 FIGURE 10 
D/A CONVERTER SIGNAL-TO-DISTORTION RATIO D/A GAIN TRACKING 
vs VS 
INPUT SIGNAL (GAIN RELATIVE TO GAIN 


Nellie taeiteRcdcnge ape aA ae AT O dB INPUT SIGNAL) 
106; ; $ | 
| 1-kHz input signal into 600 2 


1.0 ———_—__—_—__ 
90 8-kHz conversion rate 1-kHz input signal into 600 Se ee 
Sohen 0.8 }8-kHz conversion rate pens 


0.6 


[ee] 

T 

: Geb ec BSa en 
& 

a 0.4 

= Se a IR 
° 

= 0.2 

5 50 £ | 

i) 

os at S 
© 

* -0.2 

~ hee oe 
S 9 

Y 


ise Pa ea 
| —86<-— aaa 

rea ube? 
3 eee ee -0,8 |} 

-50 -40 -30 -20 -10 0 10 4 3 here 


input Signal Relative to V;e¢—dB =§0- -40 ~=-20... ~28.- 46 0 10 
FIGURE 11 Input Signal Relative to Vre¢—dB 
FIGURE 12 


NOTE: Test conditions are Vcc +, Vcc —, and Vpp within recommended operating conditions set clock f = 288 kHz +2%, and Ta = 25°C. 
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TYPICAL CHARACTERISTICS 


ATTENUATION OF SECOND HARMONIC OF A/D INPUT 
vs 
INPUT SIGNAL 


100 


90 


80 


70 


60 |— 
50 + } Ht RS 
eee 
30 + 
Sele 7 
10 r1-kHz input signal a = 
Si! 


8-kHz conversion rate 
Nt ek =) i A. 


—— —+— —+ 


Attenuation of Second Harmonic — dB 


He 


-40 -30 -20 -10 0 10 
Input Signal Relative to Vre¢—dB 


FIGURE 13 


0 
- 50 


ATTENUATION OF SECOND HARMONIC OF D/A INPUT 


VS 
INPUT SIGNAL 
100 
1-kHz input signal into 600 2 

© 90+8-kHz conversion rate t = 
ore | 
iy been ee ese 
5 
—E 70+———- 
is) 
T 60 SA ee ees 
S 
© 50+ t — +) ] +—_____ 
® 
7) 
5 40 T + . T T 4 
= 
S 30;——+ if ee | | 
o 
= 
oe 
< Ble + i‘ a t | 

ek ae 


-50 -40 -30 -20 -10 0 10 


Input Signal Relative to Vre¢—dB 


FIGURE 15 


NOTE: 


ATTENUATION OF THIRD HARMONIC OF A/D INPUT 


Attenuation of Third Harmonic — dB 


VS 


INPUT SIGNAL 


100 


+ 


[4 -kHz input signal 


90 eee conversion rate 


| 


80 -— 


30 4 
pec op 


Sa = 


-40 -30 -20 


=—10 0 10 


Input Signal Relative to Vre¢—dB 


FIGURE 14 
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ATTENUATION OF THIRD HARMONIC OF D/A INPUT 


Attenuation of Third Harmonic —dB 


VS 


INPUT SI 


GNAL 


100 Y : ——T r- 
1-kHz input signal into 600 2 


90 +8-kHz conversion rate 


eae 


0) 
=—50 


- 40 
Input Signal Relative to Vre¢—dB 


-— 30 


- 20 


- 10 0 10 


FIGURE 16 


Test conditions are Vcc +, VCC —, and Vpp within recommended operating conditions set clock f = 288 kHz +2%, andTa = 25°C. 
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TYPICAL APPLICATION INFORMATION 


TMS32020/C25 TLC32040/TLC32041/TLC32042 
Pees ie : ‘ 
ANLG GND 
Sree 7 BAT 42? 
ae $ 
Sse fs: abe 
Vpp TT ee +5 V 
0.1 pF 
a DGTL GND 
\/ 
O 
2 C = 0.2 uF, CERAMIC 
Be FIGURE 17. AIC INTERFACE TO THE TMS32020/C25 SHOWING DECOUPLING CAPACITORS 
—) AND SCHOTTKY DIODET 
= s 
: Vec 
get 
7) 
3.0 V OUTPUT 
TL431 0.1 nF CERAMIC 
FOR: Vcc = 12 V, R = 7200 0 
Vcc = 10 V, R = 5600 ?) 
Vec = 5V.R = 1600 2 
FIGURE 18. EXTERNAL REFERENCE CIRCUIT FOR TLC32041 
TThomson Semiconductors 
u 
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D3098, MARCH 1988— REVISED DECEMBER 1988 


Advanced LinCMOS”™ Silicon-Gate Process N PACKAGE 
Technology (TOP VIEW) 


14-Bit Dynamic Range ADC and DAC 


16-Bit Dynamic Range Input with 
Programmable Gain 


@® Variable ADC and DAC Sampling Rate Up to 
19,200 Samples per Second 


® Switched-Capacitor Antialiasing Input Filter 
and Output-Reconstruction Filter 


2 


@ Serial Port for Direct Interface to 
T™TMS320C17, TMS32020, TMS320C25, 
and TMS320C30 Digital Processors 


® Synchronous or Asynchronous ADC and 
DAC Conversion Rates with Programmable 
Incremental ADC and DAC Conversion 


Timing Adjustments FN PACKAGE 
(TOP VIEW) 


® Serial Port Interface to SN74299 Serial-to- E 


Data Sheets 


Parallel Shift Register for Parallel Interface & 
to TMS32010, TMS320C15, or Other ee 
Digital Processors 


® Internal Reference for Normal Operation and DR US 251 IN — 


External Purposes, or Can Be Overridden by MSTR CLK [® 24U AUX IN + 


External Reference Vop VW? 23L] AUX IN- 
REF U8 22(] OUT + 


description DGTL GND [9 21(j OUT - 


SHIFT CLK [J10 204 Vec+ 
The TLC32044 is a complete analog-to-digital EODX [11 19U] Vec — 


and digital-to-analog input/output system on a 
single monolithic CMOS chip. This device 
integrates a bandpass switched-capacitor 
antialiasing input filter, a 14-bit-resolution A/D 
converter, four microprocessor-compatible serial 
port modes, a 14-bit-resolution D/A converter, 
and a low-pass switched-capacitor output- 
reconstruction filter. The device offers numerous NU — Nonusable; no external connection should be made to these 
combinations of Master Clock input frequencies pins. See Table 2. 

and conversion/sampling rates, which can be 

changed via digital processor control. 


—~N 
10 0) 


ANLG GND [J 
ANLG GND 7] 


Typical applications for this IC include speech encryption for digital transmission, speech recognition/storage 
systems, speech synthesis, modems (7.2-, 8-, 9.6-, 14.4-, and 19.2-kHz sampling rate), analog interface 
for digital signal processors (DSPs), industrial process control, biomedical instrumentation, acoustical signal 
processing, spectral analysis, data acquisition, and instrumentation recorders. Four serial modes, which 
allow direct interface to the TMS320C17, TMS32020, TMS320C25, and TMS320C30 digital signal 


Advanced LinCMOS™ is a trademark of Texas Instruments Incorporated. 


PRODUCTION DATA documents contain information Copyright © 1988, Texas Instruments Incorporated 


a as of posage toe date. on conform to Ti wi 
specifications per the terms of Texas Instruments 
Ha warranty. Production processing does not EXAS 
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description (continued) 


sjaaus eleg Bs 


processors, are provided. Also, when the transmit and receive sections of the Analog Interface Circuit 
(AIC) are operating synchronously, it will interface to two SN74299 serial-to-parallel shift registers. These 
serial-to-parallel shift registers can then interface in parallel to the TMS32010, TMS320C15, other digital 
signal processors, or external FIFO circuitry. Output data pulses are emitted to inform the processor that 
data transmission is complete or to allow the DSP to differentiate between two transmitted bytes. A flexible 
control scheme is provided so that the functions of the IC can be selected and adjusted coincidentally 
with signal processing via software control. 


The antialiasing input filter comprises eighth-order and fourth-order CC-type (Chebyshev/elliptic transitional) 
low-pass and high-pass filters, respectively. The input filter is implemented in switched-capacitor technology 
and is préceded by a continuous time filter to eliminate any possibility of aliasing caused by sampled data 
filtering. When only low-pass filtering is desired, the high-pass filter can be switched out of the signal path. 
A selectable, auxiliary, differential analog input is provided for applications where more than one analog 
input is required. 


The A/D and D/A architectures ensure no missing codes and monotonic operation. An internal voltage 
reference is provided to ease the design task and to provide complete control over the performance of 
the IC. The internal voltage reference is brought out to a pin and is available to the designer. Separate 
analog and digital voltage supplies and grounds are provided to minimize noise and ensure a wide dynamic 
range. Also, the analog circuit path contains only differential circuitry to keep noise to an absolute minimum. 
The only exception is the DAC sample-and-hold, which utilizes pseudo-differential circuitry. 


The output-reconstruction filter is an eighth-order CC-type (Chebyshev/elliptic transitional low-pass filter) 
followed by a second-order (sin x)/x correction filter) and is implemented in switched-capacitor technology. 
This filter is followed by a continuous-time filter to eliminate images of the digitally encoded signal. The 
on-board (sin x)/x correction filter can be switched out of the signal path using digital signal processor 
control, if desired. 


The TLC32044I is characterized for operation from — 40°C to 85°C, and the TLC32044C is characterized 
for operation from O°C to 70°C. 
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functional block diagram 


IN + 
wets SERIAL a tks 
PORT FSR 
AUX IN+ 
AUX IN- DR 
EODR 
MSTER CLK 
INTERNAL SHIFT CLK 2 
VOLTAGE 
REFERENCE WORD/BYTE 
7) 
es 
Dx re) 
sho ® 
FSX kee 
OUT + dp) 
OuT - EODX © 
~~ 
TRANSMIT SECTION re 


Vets ==Vee= ANG). (DIEGL:) 'Vpp REF RESET 
GND GND _ (DIG) 


PRINCIPLES OF OPERATION 


analog input 


Two sets of analog inputs are provided. Normally, the IN+ and IN — input set is used; however, the auxiliary 
input set, AUX IN+ and AUX IN —, can be used if a second input is required. Each input set can be operated 
in either differential or single-ended modes, since sufficient common-mode range and rejection are provided. 
The gain for the IN¢+, IN—, AUX IN+, and AUX IN- inputs can be programmed to be either 1, 2, or 4 
(see Table 2). Either input circuit can be selected via software control. It is important to note that a wide 
dynamic range is assured by the differential internal analog architecture and by the separate analog and 
digital voltage supplies and grounds. 


A/D bandpass filter, A/D bandpass filter clocking, and A/D conversion timing 


The A/D high-pass filter can be selected or bypassed via software control. The frequency response of this 
filter is presented in the following pages. This response results when the switched-capacitor filter clock 
frequency is 288 kHz and the A/D sample rate is 8 kHz. Several possible options can be used to attain 
a 288-kHz switched-capacitor filter clock. When the filter clock frequency is not 288 kHz, the low-pass 
filter transfer function is frequency-scaled by the ratio of the actual clock frequency to 288 kHz. The ripple 
bandwidth and 3-dB low-frequency roll-off points of the high-pass section are 150 and 100 Hz, respectively. 
However, the high-pass section low-frequency roll-off is frequency-scaled by the ratio of the A/D sample 
rate to 8 kHz. 


The Internal Timing Configuration and AIC DX Data Word Format sections of this data sheet indicate the 
many options for attaining a 288-kHz bandpass switched-capacitor filter clock. These sections indicate 
that the RX Counter A can be programmed to give a 288-kHz bandpass switched-capacitor filter clock 
for several Master Clock innut frequencies. 
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PRINCIPLES OF OPERATION (continued) 


The A/D conversion rate is then attained by frequency-dividing the 288-kHz bandpass switched-capacitor 
filter clock with the RX Counter B. Thus, unwanted aliasing is prevented because the A/D conversion rate 
is an integral submultiple of the bandpass switched-capacitor filter sampling rate, and the two rates are 
synchronously locked. 


A/D converter performance specifications 


Fundamental performance specifications for the A/D converter circuitry are presented in the A/D converter 
operating characteristics section of this data sheet. The realization of the A/D converter circuitry with 
switched-capacitor techniques provides an inherent sample-and-hold. 


analog output 


The analog output circuitry is an analog output power amplifier. Both noninverting and inverting amplifier 
outputs are brought out of the IC. This amplifier can drive transformer hybrids or low-impedance loads 
directly in either a differential or single-ended configuration. 


D/A low-pass filter, D/A low-pass filter clocking, and D/A conversion timing 


The frequency response of this filter is presented in the following pages. This response results when the 
low-pass switched-capacitor filter clock frequency is 288 kHz. Like the A/D filter, the transfer function 
of this filter is frequency-scaled when the clock frequency is not 288 kHz. A continuous-time filter is provided 
on the output of the (sin x)/x filter to eliminate the periodic sample data signal information, which occurs 
at multiples of the 288-kHz switched-capacitor filter clock. The continuous time filter also greatly attenuates 
any switched-capacitor clock feedthrough. 
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The D/A conversion rate is attained by frequency-dividing the 288-kHz switched-capacitor filter clock with 
TX Counter B. Thus, unwanted aliasing is prevented because the D/A conversion rate is an integral 
submultiple of the switched-capacitor low-pass filter sampling rate, and the two rates are synchronously 
locked. 


asynchronous versus synchronous operation 


If the transmit section of the AIC (low-pass filter and DAC) and receive section (bandpass filter and ADC) 
are operated asynchronously, the low-pass and bandpass filter clocks are independently generated from 
the Master Clock signal. Also, the D/A and A/D conversion rates are independently determined. If the 
transmit and receive sections are operated synchronously, the low-pass filter clock drives both low-pass 
and bandpass filters. In synchronous operation, the A/D conversion timing is derived from, and is equal 
to, the D/A conversion timing. (See description of the WORD/BYTE pin in the Pin Functional Description 
Section.) 


D/A converter performance specifications 


Fundamental performance specifications for the D/A converter circuitry are presented in the D/A converter 
operating characteristics section of the data sheet. The D/A converter has a sample-and-hold that is realized 
with a switched-capacitor ladder. 


system frequency response correction 


(Sin x)/x correction for the D/A converter’s zero-order sample-and-ho!d output can be provided by an on- 
board second-order (sin x)/x correction filter. This (sin x)/x correction filter can be inserted into or deleted 
from the signal path by digital signal processor control. When inserted, the (sin x)/x correction filter follows 
the switched-capacitor low-pass filter. When the TB register (see Internal Timing Configuration section) 
equals 36, the correction results of Figures 11 and 12 will be obtained. 
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PRINCIPLES OF OPERATION (continued) 


(Sin x)/x correction can also be accomplished by deleting the on-board second-order correction filter and 
performing the (sin x)/x correction in digital signal processor software. The system frequency response 
can be corrected via DSP software to +0.1 dB accuracy to a band-edge of 3000 Hz for all sampling rates. 
This correction is accomplished with a first-order digital correction filter, which requires only seven TMS320 
instruction cycles. With a 200-ns instruction cycle, seven instructions represent an overhead factor of 
only 1.1% and 1.3% for sampling rates of 8 and 9.6 kHz, respectively (see the (sin x)/x Correction Section 
for more details). 


serial port 


The serial port has four possible modes that are described in detail in the Functional Pin Description Section. 
These modes are briefly described below and in the Functional Description for Pin 13, WORD/BYTE. 


1. The transmit and receive sections are operated asynchronously, and the serial port interfaces 
directly with the TMS320C17. 


2. The transmit and receive sections are operated asynchronously, and the serial port interfaces 
directly with the TMS32020, TMS320C25, and the TMS320C30. 


3. The transmit and receive sections are operated synchronously, and the serial port interfaces directly 
with the TMS320C17. 
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4. The transmit and receive sections are operated synchronously, and the serial port interfaces directly 
with the TMS32020, TMS320C25, TMS320C30, or two SN74299 serial-to-parallel shift registers, 
which can then interface in parallel to the TMS32010, TMS320C15, to any other digital signal 
processor, or to external FIFO circuitry. 


operation of TLC32044 with internal voltage reference 


The internal reference of the TLC32044 eliminates the need for an externa! voltage reference and provides 
overall circuit cost reduction. Thus, the internal reference eases the design task and provides complete 
control over the performance of the IC. The internal reference is brought out to a pin and is available to 
the designer. To keep the amount of noise on the reference signal to a minimum, an external capacitor 
may be connected between REF and ANLG GND. 


operation of TLC32044 with external voltage reference 


The REF pin may be driven from an external reference circuit if so desired. This external circuit must be 
capable of supplying 250 nA and must be adequately protected from noise such as crosstalk from the 
analog input. 


reset 


A reset function is provided to initiate serial communications between the AIC and DSP and to allow fast, 
cost-effective testing during manufacturing. The reset function will initialize all AIC registers, including 
the control register. After a negative-going pulse on the RESET pin, the AIC will be initialized. This 
initialization allows normal serial port communications activity to occur between AIC and DSP (see AIC DX 
Data Word Format section). 
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PRINCIPLES OF OPERATION (continued) 


loopback 


This feature allows the user to test the circuit remotely. In loopback, the OUT + and OUT — pins are internally 
connected to the IN+ and IN— pins. Thus, the DAC bits (d15 to d2), which are transmitted to the DX 
pin, can be compared with the ADC bits (d15 to d2), which are received from the DR pin. An ideal comparison 
would be that the bits on the DR pin equal the bits on the DX pin. However, in practice there will be some 
difference in these bits due to the ADC and DAC output offsets. 


The loopback feature is implemented with digital signal processor control by transmitting the appropriate 
serial port bit to the control register (see AIC Data Word Format section). 


transmission from the TMS320 serial port to the AIC is synchronized with the SHIFT CLK signal. 


EODR 3 E the WORD/BYTE pin description and the Serial Port Timing Diagram.) During the word-mode 


O | mane” no_|!° DESCRIPTION 
pe) 
yy NES GND._17,18] [Anal aroundrenory fot a ers! eniog cults: Nor einai Combet to BUTE OND. 7 
Noninverting auxiliary analog input stage. This input can be switched into the bandpass filter and A/D converter 
se path via software control. If the appropriate bit in the Control register is a 1, the auxiliary inputs will replace 
4) the IN+ and IN— inputs. If the bit is a0, the IN+ and IN— inputs will be used (see the AIC DX Data Word 
Oo Format section). 
r 
DR 5 This pin is used to transmit the ADC output bits from the AIC to the TMS320 serial port. This transmission 
of bits from the AIC to the TMS320 serial port is synchronized with the SHIFT CLK signal. 
DX De This pin is used to receive the DAC input bits and timing and control information from the TMS320. This serial 


timing, this signal is a low-going pulse that occurs immediately after the 16 bits of A/D information have been 
transmitted from the AIC to the TMS320 serial port. This signal can be used to interrupt a microprocessor 
upon completion of serial communications. Also, this signal can be used to strobe and enable external serial- 
to-parallel shift registers, latches, or external FIFO RAM, and to facilitate parallel data bus communications 
between the AIC and the serial-to-parallel shift registers. During the byte-mode timing, this signal goes low 
after the first byte has been transmitted from the AIC to the TMS320 serial port and is kept low until the 
second byte has been transmitted. The TMS320C17 can use this low-going signal to differentiate between 
the two bytes as to which is first and which is second. 
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EODX 11 (See the WORD/BYTE pin description and the Serial Port Timing Diagram.) During the word-mode 


timing, this signal is a low-going pulse that occurs immediately after the 16 bits of D/A converter and control 
or register information have been transmitted from the TMS320 serial port to the AIC. This signal can be used 
to interrupt a microprocessor upon the completion of serial communications. Also, this signal can be used 
to strobe and enable external serial-to-parallel shift registers, latches, or an external FIFO RAM, and to facilitate 
parallel data-bus communications between the AIC and the serial-to-parallel shift registers. During the byte- 
mode timing, this signal goes low after the first byte has been transmitted from the TMS320 serial port to 
the AIC and is kept low until the second byte has been transmitted. The TMS320C17 can use this low-going 


signal to differentiate between the two bytes as to which is first and which is second. 


n 
op) 
Pe) 
£ 


In the serial transmission modes, which are described in the WORD/BYTE pin description, the FSR pin is held 
low during bit transmission. When the FSR pin goes low, the TMS320 serial port will begin receiving bits from 
the AIC via the DR pin of the AIC. The most significant DR bit will be present on the DR pin before FSR goes 


low. (See Serial Port Timing and Internal Timing Configuration Diagrams.) 


When this pin goes low, the TMS320 serial port will begin transmitting bits to the AIC via the 
DX pin of the AIC. In all serial transmission modes, which are described in the WORD/BYTE pin description, 
the FSX pin is held low during bit transmission (see Serial Port Timing and Internal Timing Configuration 
Diagrams). 


Noninverting input to analog input amplifier stage 
Inverting input to analog input amplifier stage 


The Master Clock signal is used to derive all the key logic signals of the AIC, such as the Shift Clock, the 


= 
+ 


26 
25 
MSTR CLK 6 


switched-capacitor filter clocks, and the A/D and D/A timing signals. The Internal Timing Configuration diagram 
shows how these key signals are derived. The frequencies of these key signals are synchronous submultiples 
of the Master Clock frequency to eliminate unwanted aliasing when the sampled analog signals are transferred 
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between the switched-capacitor filters and the A/D and D/A converters (see the Internal Timing Configuration). 


OUT + 22 Noninverting output of analog output power amplifier. Can drive transformer hybrids or high-impedance loads 
directly in either a differential or a single-ended configuration. 
OUT - 2 


Inverting output of analog output power amplifier. Functionally identical with ard complementary to OUT +. 


1 
REF 8 1/0 | The internal voltage reference is brought out on this pin. An external voltage reference can also be applied 
to this pin. 


A reset function is provided to initialize the TA, TA’, TB, RA, RA’, RB, and control registers. This 
reset function initiates serial communications between the AIC and DSP. The reset function will initialize all 


AIC registers including the control register. After a negative-going pulse on the RESET 
pin, the AIC registers will be initialized to provide an 8-kHz data conversion rate for a 5.184-MHz master clock 
input signal. The conversion rate adjust registers, TA’ and RA’, will be reset to 1. The CONTROL register bits 
will be reset as follows (see AIC DX Data Word Format section). 


d9 = 1, d7 = 1, d6 = T, d5 = 1, d4 = 0, d3 = O, d2 = 1 


This initialization allows normal serial-port communication to occur between AIC and DSP. 


SHIFT CLK 10 The Shift Clock signal is obtained by dividing the Master Clock signal frequency by four. This signal is used 
to clock the serial data transfers of the AIC, described in the WORD/BYTE pin description 
below (see the Serial Port Timing and Internal Timing Configuration diagram). 


Digital supply voltage, 5 V +5% 
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Positive analog supply voltage, 5 V +5% 


Negative analog supply voltage —5 V +5% 
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DESCRIPTION 


WORD/BYTE 13 This pin, in conjunction with a bit in the CONTROL register, is used to establish one of four serial 
modes. These four serial modes are described below. 
AIC transmit and receive sections are operated asynchronously. 
The following description applies when the AIC is configured to have asynchronous transmit and receive sections. 
lf the appropriate data bit in the Control register is a O (see the AIC DX Data Word Format), the transmit and 
receive sections will be asynchronous. 
L Serial port directly interfaces with the serial port of the TMS320C17 and communicates in two 
8-bit bytes. The operation sequence is as follows (see Serial Port Timing diagrams). 
. The FSX or FSR pin is brought low. 
. One 8-bit byte is transmitted or one 8-bit byte is received. 
. The EODX or EODR pin is brought low. 
. The FSX or FSR pin emits a positive frame-sync pulse that is 


four Shift Clock cycles wide. 
. One 8-bit byte is transmitted or one 8-bit byte is received. 
. The EODX or EODR pin is brought high. 
7. The FSX or FSR pin is brought high. 
Serial port directly interfaces with the serial ports of the TMS32020, TMS320C25, and TMS320C30, 
and communicates in one 16-bit word. The operation sequence is as follows (see Serial Port Timing 
diagrams): 
1. The FSX or FSR pin is brought low. 
2. One 16-bit word is transmitted or one 16-bit word is received. 
3. The FSX or FSR pin is brought high. 
4. The EODX or EODR pin emits a low-going pulse. 
AlC transmit and receive sections are operated synchronously. 
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lf the appropriate data bit in the Control register is a 1, the transmit and receive sections will be configured 
to be synchronous. In this case, the bandpass switched-capacitor filter and the A/D conversion timing will 
be derived from the TX Counter A, TX Counter B, and TA, TA’, and TB registers, rather than the RX Counter 
A, RX Counter B, and RA, RA’, and RB registers. In this case, the AIC FSX and FSR timing will be identical 
during primary data communication; however, FSR will not be asserted during secondary data communication 
since there is no new A/D conversion result. The synchronous operation sequences are as follows (see Serial 
Port Timing diagrams). 
L Serial port directly interfaces with the serial port of the TMS320C17 and communicates in two” 
8-bit bytes. The operation sequence is as follows (see Serial Port Timing diagrams): 

_ The FSX and FSR pins are brought low. 

. One 8-bit byte is transmitted and one 8-bit byte is received. 

. The EODX and EODR pins are brought low. 


. The FSX and FSR pins emit positive frame-sync pulses that are 


four Shift Clock cycles wide. 
. One 8-bit byte is transmitted and one 8-bit byte is received. 
. The EODX and EODR pins are brought high. 
7. The FSX and FSR pins are brought high. 

H Serial port directly interfaces with the serial ports of the TMS32020, TMS320C25, and TMS320C30, 
and communicates in one 16-bit word. The operation sequence is as follows (see Serial Port Timing 
diagrams): 

. The FSX and FSR pins are brought low. 

. One 16-bit word ts transmitted and one 16-bit word is received. 

. The FSX and FSR pins are brought high. 

4. The EODX or EODR pins emit low-going pulses. 

Since the transmit and receive sections of the AIC are now synchronous, the AIC serial port, with additional 
NOR and AND gates, will interface to two SN742939 serial-to-paraliel shift registers. Interfacing the AIC to 
the SN742939 shift register allows the AIC to interface to an external FIFO RAM and facilitates parallel, data 
bus communications between the AIC and the digital signal processor. The operation sequence is the same 
as the above sequence (see Serial Port Timing diagrams). 
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INTERNAL TIMING CONFIGURATION 


MASTER CLOGK Git) 2, eae sh ee eee SHIFT CLOCK 


5.184 MHz (1)4 DIVIDE BY 4 1.296 MHz (1) 


TX COUNTER B 
TB=40; 7.2 kHz 
TB=36; 8.0 kHz 


Nitale ted ee See ee 


TX COUNTER A DIA 


CONVERSION 


10.368 MHz (2) ie ress sug <a 2.592 MHz (2) 
me 41.472 MHz (2) — ae 
ine falta (6 BITS) LOW-PASS/ 
(2’s COMPL) (SIN X)/X 
CORRECTION 
SWITCHED 
OPTIONAL EXTERNAL CIRCUITRY Sach) CAP FILTER 
-_ FOR FUCE DUPLEX MODEMS SUBTRACTOR CLK = 288 kHz 
153.6 kHz - (6 BITS) SQUARE WAVE 
CLOCK (1) | 8 
LY | oivive COMMERCIAL TB REGISTER > 
J | BY 135 EXTERNAL | (6 BITS) o 
FRONT-END | | eo 
| FULL-DUPLEX ° O 
| SPLIT-BAND |! do.d;=0,0 do.d,=0.1 dp) 
FILTERSt | do.dy=1,1t QP = do.d,=1,07 
crannad & 
O 
576-kHz TB = 20: 14.4 kHz 
(6 BITS) PULSES TB=15; 19.2 kHz 


Ais RA’ REGISTER 
gn me 6 (6 BITS) 
eee (2's COMPL) 
LOW-PASS 
SWITCHED 
ADDER/ DIVIDE BY 2 CAP FILTER 
SUBTRACTOR CLK = 288 kHz 
(6 BITS) SQUARE WAVE 
RB REGISTER 
(6 BITS) 
@ O) 
do.d1=0,0 dg.d;=0,1 
dg.dq=1,1' & dg.d,=1,0+ A/D 
Bee cg CONVERSION 
RX COUNTER A Glen a aie FREQUENCY/ 
(RA = 9(1)] ith Ae te HIGH-PASS 
paneoatmiaet Goran RB=20. 14.4 ie pediiedoe 
. Zz = ’ : 
CAP FILTER 
BLUE. PULSES RB=15; 19.2 kHz 
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NOTE: Frequency 1, 20.736 MHz, is used to show how 153.6 kHz (for a commercially available modem split-band filter clock), popular 
speech and modem sampling signal frequencies, and an internal 288-kHz switched-capacitor filter clock can be derived synchronously 
and as submultiples of the crystal oscillator frequency. Since these derived frequencies are synchronous submultiples of the crystal 
frequency, aliasing does not occur as the sampled analog signa! passes between the analog converter and switched-capacitor filter 
stages. Frequency 2, 41.472 MHz, is used to show that the AIC can work with high-frequency signals, which are used by high- 
speed digital signal processors. 

Tt Split-band filtering can alternatively be performed after the analog input function via software in the TMS320. 

+These control bits are described in the AIC DX Data Word Format section. 
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explanation of internal timing configuration 


All of the internal timing of the AIC is derived from the high-frequency clock signal that drives the Master 
Clock input pin. The Shift Clock signal, which strobes the serial port data between the AIC and DSP, is 
derived by dividing the Master Clock input signal frequency by four. 


Low-pass: 
SCF Clock Frequency _ Master Clock Frequency 
(D/A or A/D Path) a 2 x Contents of Counter A 


SCF Clock Frequency (D/A or A/D Path) 
Contents of Counter B 


Conversion Frequency 


High-pass: 


SCF Clock Frequency 


(A/D Path) og A/D Conversion Frequency 


Master Clock Frequency 


Shift Clock Frequency A 
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TX Counter A and TX Counter B, which are driven by the Master Clock signal, determine the D/A conversion 
timing. Similarly, RX Counter A and RX Counter B determine the A/D conversion timing. In order for the 
low-pass switched-capacitor filter in the D/A path to meet its transfer function specifications, the frequency 
of its clock input must be 288 kHz. If the clock frequency is not 288 kHz, the filter transfer function 
frequencies are frequency-scaled by the ratios of the clock frequency to 288 kHz. Thus, to obtain the 
specified filter response, the combination of Master Clock frequency and TX Counter A and RX Counter 
A values must yield a 288-kHz switched-capacitor clock signal. This 288-kHz clock signal can then be 
divided by the TX Counter B to establish the D/A conversion timing. 


The transfer function of the bandpass switched-capacitor filter in the A/D path is a composite of its high- 
pass and low-pass section transfer functions. The high-frequency roll-off of the low-pass section will meet 
the bandpass filter transfer function specification when the low-pass section SCF is 288 kHz. Otherwise, 
the high-frequency roll-off will be frequency-scaled by the ratio of the high-pass section’s SCF clock to 
288 kHz. The low-frequency roll-off of the high-pass section will meet the bandpass filter transfer function 
specification when the A/D conversion rate is 8 kHz. Otherwise, the low-frequency roll-off of the high- 
pass section will be frequency-scaled by the ratio of the A/D conversion rate to 8 kHz. 


TX Counter A and TX Counter B are reloaded every D/A conversion period, while RX Counter A and RX 
Counter B are reloaded every A/D conversion period. The TX Counter B and RX Counter B are loaded with 
the values in the TB and RB Registers, respectively. Via software control, the TX Counter A can be loaded 
with either the TA Register, the TA Register less the TA’ Register, or the TA Register plus the TA’ Register. 
By selecting the TA Register less the TA’ Register option, the upcoming conversion timing will occur earlier 
by an amount of time that equals TA’ times the signal period of the Master Clock. By selecting the TA 
Register plus the TA’ Register option, the upcoming conversion timing will occur later by an amount of 
time that equals TA’ times the signal period of the Master Clock. Thus, the D/A conversion timing can 
be advanced or retarded. An identical ability to alter the A/D conversion timing is provided. In this case, 
however, the RX Counter A can be programmed via software control with the RA Register, the RA Register 
less the RA’ Register, or the RA Register plus the RA’ Register. 


The ability to advance or retard conversion timing is particularly useful for modem applications. This feature 
allows controlled changes in the A/D and D/A conversion timing. This feature can be used to enhance 
signal-to-noise performance, to perform frequency-tracking functions, and to generate nonstandard modem 
frequencies. 
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If the transmit and receive sections are configured to be synchronous (see WORD/BYTE pin description), 
then both the low-pass and bandpass switched-capacitor filter clocks are derived from TX Counter A. Also, 
both the D/A and A/D conversion timing are derived from the TX Counter A and TX Counter B. When the 
transmit and receive sections are configured to be synchronous, the RX Counter A, RX Counter B, RA 
Register, RA’ Register, and RB Registers are not used. 


AIC DR or DX word bit pattern 


A/D or D/A MSB, 
1st bit sent 1st bit sent of 2nd byte A/D or D/A LSB 


v ’ ’ 
515] ora] B13] 612] OTT] O1o] D9] OB] O7] OS] OS] ba] OS] Oz] OT] OO 
AIC DX data word format section 


[ais] ava [avs [a12] 411] 410] a9 [a8| a7 | a6 [as [aa [a3 [a2] ai] COMMENTS 
[primary DX serial communication protocol | SSCSC“SCSCSC“‘“Cs‘“‘SNSCSCSCSC‘“‘SC*~*d 


< d15 (MSB) through d2 go to the D/A The TX and RX Counter A’s are loaded with the TA and RA 
converter register register values. The TX and RX Counter B's are loaded with TB 


é 


and RB register values. 
< d15 (MSB) through d2 go to the D/A The TX and RX Counter A’s are loaded with the TA + TA’ and 
converter register RA + RA‘ register values. The TX and RX Counter B’s are loaded 
with the TB and RB register values. NOTE: d1 =0, dO=1 will 
cause the next D/A and A/D conversion periods to be changed 
by the addition of TA’ and RA’ Master Clock cycles, in which 
TA‘ and RA‘ can be positive or negative or zero. Please refer to 


Data Sheets 


Table 1. AIC Responses to Improper Conditions. 
< d15 (MSB) through d2 go to the D/A The TX and RX Counter A's are loaded with the TA-— TA’ and 
converter register RA — RA‘ register values. The TX and RX Counter B's are loaded 
with the TB and RB register values. NOTE: d1 =1, dO=O will 
cause the next D/A and A/D conversion periods to be changed 
by the subtraction of TA’ and RA’ Master Clock cycles, in which 
TA’ and RA’ can be positive or negative or zero. Please refer to 


Table 1. AIC Responses to Improper Conditions. 
< d15 (MSB) through d2 go to the D/A The TX and RX Counter A’s are loaded with the TA and RA 
converter register register converter register values. The TX and RX Counter B's 


are loaded with the TB and RB register values. After a delay of 
four Shift Clock cycles, a secondary transmission will 
immediately follow to program the AIC to operate in the desired 


configuration. 


NOTE: Setting the two least significant bits to 1 in the normal transmission of DAC information (Primary Communications) to the AIC 
will initiate Secondary Communications upon completion of the Primary Communications. 


Upon completion of the Primary Communication, FSX will remain high for four SHIFT CLOCK cycles and wil! then go low and initiate 
the Secondary Communication. The timing specifications for the Primary and Secondary Communications are identical. In this manner, 
the Secondary Communication, if initiated, is interleaved between successive Primary Communications. This interleaving prevents 
the Secondary Communication from interfering with the Primary Communications and DAC timing, thus preventing the AIC from 
skipping a DAC output. It is important to note that in the synchronous mode, FSR will not be asserted during Secondary 
Communications. 
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secondary DX serial communication protocol 


x x| + to TA register > | x x |* to RA register> | O | d13 and d6 are MSBs (unsigned binary) 
1 


x | + to TA’ register >| x | + to RA’ register re 4 
_—> 


d14 and d7 are 2's complement sign bits 


x | + to TB register | x | + to RB register | O | d14 and d7 are MSBs (unsigned binary) 
dQ x d7 d6 d5 d4 d3 d2 
CONTROL deletes/inserts the A/D high-pass filter 
REGISTER disables/enables the loopback function 
disables/enables the AUX IN+ and AUX IN-— pins 
asynchronous/synchronous transmit and receive 


sections 


gain control bits (see Gain Control Section) 


2 gain control bits (see Gain Control Section) 
delete/insert on-board second-order (sin x)/x 
w) correction filter 
o : 
- reset function 
7p) A reset function is provided to initiate serial communications between the AIC and DSP. The reset function 
— will initialize all AIC registers, including the control register. After power has been applied to the AIC, a 
4) negative-going pulse on the RESET pin will initialize the AIC registers to provide an 8-kHz A/D and D/A 
o conversion rate for a 5.184 MHz master clock input signal. The AIC, excepting the CONTROL register, 
” will be initialized as follows (see AIC DX Data Word Format section): 
INITIALIZED 
REGISTER 
REGISTER VALUE (HEX) 
TA 9 
TA’ 1 
TB 24 
RA 9 
RA’ 1 
RB 24 


The CONTROL register bits will be reset as follows (see AIC DX Data Word Format section): 
d9 = 1,d7 = 1, d6 = 1, d5 = 1, d4 = O, d3 = O, d2 = 1 


This initialization allows normal serial port communications to occur between AIC and DSP. If the transmit 
and receive sections are configured to operate synchronously and the user wishes to program different 
conversion rates, only the TA, TA’, and TB register need to be programmed, since both transmit and receive 
timing are synchronously derived from these registers (see the Pin Descriptions and AIC DX Word Format 
sections). 


The circuit shown below will provide a reset on power-up when power is applied in the sequence given 
under Power-Up Sequence. The circuit depends on the power supplies’ reaching their recommended values 
a minimum of 800 ns before the capacitor charges to 0.8 V above DGTL GND. 


TLC32044 


+5 V 
200 k? 
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power-up sequence 


To ensure proper operation of the AIC, and as a safeguard against latch-up, it is recommmended that 
Schottky diodes with forward voltages less than or equal to 0.4 V be connected from VCC — to ANLG 
GND and from Vcc — to DGTL GND (see Figure 21). In the absence of such diodes, power should be applied 
in the following sequence: ANLG GND and DGTL GND, Vcc —, then Vcc + and Vpp. Also, no input signal 
should be applied until after power-up. 


AIC responses to improper conditions 


The AIC has provisions for responding to improper conditions. These improper conditions and the response 
of the AIC to these conditions are presented in Table 1 below. 


AIC register constraints 
The following constraints are placed on the contents of the AIC registers: 


. TA register must be > 1. 

. TA’ register can be eitner positive, negative, or zero. 
. RA register must be > 1. 

. RA’ register can be either positive, negative, or zero. 
.(TA register + TA’ register) must be > 1. 

. (RA register + RA’ register) must be > 1. 

. TB register must be > 1. 


NOOR WND — 


TABLE 1. AIC RESPONSES TO IMPROPER CONDITIONS 


IMPROPER CONDITION AIC RESPONSE 


TA register + TA’ register = Oor 1 Reprogram TX Counter A with TA register value 


MODULO 64 arithmetic is used to ensure that a positive value is loaded into the TX Counter A, 
i.e., TA register + TA’ register + 40 HEX is loaded into TX Counter A 


RA register + RA’ register = Or 1 Reprogram RX Counter A with RA register value 
RA register — RA’ register = O or 1 


RA register + RA’ register = O or 1 MODULO 64 arithmetic is used to ensure that a positive value is loaded into RX Counter A, 
i.e., RA register + RA’ register + 40 HEX is loaded into RX Counter A 

TA register = O or 1 AIC is shut down 

RA register = Oor 1 


TB register = Oor 1 Reprogram TB register with 24 HEX 
RB register = Oor 1 Reprogram RB register with 24 HEX 
AIC and DSP cannot communicate Hold last DAC output 


improper operation due to conversion times being too close together 


TA register — TA’ register = Oor 1 
TA register + TA’ register < O 


lf the difference between two successive D/A conversion frame syncs is less that 1/19.2 kHz, the AIC 
operates improperly. In this situation, the second D/A conversion frame sync occurs too quickly and there 
is not enough time for the ongoing conversion to be completed. This situation can occur if the A and B 
registers are improperly programmed or if the A + A’ register or A — A’ register result is too small. When 
incrementally adjusting the conversion period via the A + A’ register options, the designer should be very 
careful not to violate this requirement (see diagram below). 


t4 t? 
FRAME 
SYNC 
FSX 


oe k¢- ONGOING CONVERSION —>I 


HU Sa 19.2 eel 
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asynchronous operation — more than one receive frame sync occurring between two transmit frame 
syncs 


When incrementally adjusting the conversion period via the A + A’orA — A‘ register options, a specific 
protocol is followed. The command to use the incremental conversion period adjust option is sent to the 
AIC during a FSX frame sync. The ongoing conversion period is then adjusted. However, either Receive 
Conversion Period A or B may be adjusted. For both transmit and receive conversion periods, the incremental 
conversion period adjustment is performed near the end of the conversion period. Therefore, if there is 
sufficient time between t1 and t2, the receive conversion period adjustment will be performed during Receive 
Conversion Period A. Otherwise, the adjustment will be performed during Receive Conversion Period B. 
The adjustment command only adjusts one transmit conversion period and one receive conversion period. 
To adjust another pair of transmit and receive conversion periods, another command must be issued during 
a subsequent FSX frame (see figure below). 


t 


FSX | | | | 


| ! 
¢—————_—- TRANSMIT CONVERSION PERIOD ——--—————> 
t2 


FSR | | | | | | | | | | 


| | | 
]¢— RECEIVE CONV. —®¥@— RECEIVE CONV. > 
PERIOD A PERIOD B 


sjaaus eleg Bs 


asynchronous operation — more than one transmit frame sync occurring between two receive frame 
syncs 


When incrementally adjusting the conversion period via the A + A’orA — A’ register options, a specific 
protocol is followed. For both transmit and receive conversion periods, the incremental conversion period 
adjustment is performed near the end of the conversion period. The command to use the incremental 
conversion period adjust options is sent to the AIC during a FSX frame sync. The ongoing transmit conversion 
period is then adjusted. However, three possibilities exist for the receive conversion period adjustment 
in the diagram as shown in the figure below. If the adjustment command is issued during Transmit 
Conversion Period A, Receive Conversion Period A will be adjusted if there is sufficient time between t1 
and t2. Or, if there is not sufficient time between t1 and t2, Receive Conversion Period B will be adjusted. 
Or, the receive portion of an adjustment command may be ignored if the adjustment command is sent 
during a receive conversion period, which is already being or will be adjusted due to a prior adjustment 
command. For example, if adjustment commands are issued during Transmit Conversion Periods A, B, 
and C, the first two commands may cause Receive Conversion Periods A and B to be adjusted, while the 
third receive adjustment command is ignored. The third adjustment command is ignored since it was issued 
during Receive Conversion Period B, which already will be adjusted via the Transmit Conversion Period B 
adjustment command. 


ty 


| | | | 
}@ TRANSMIT CONV. ->¥@— TRANSMIT CONV.-DHt TRANSMIT CONV. 
PERIOD A PERIOD B PERIOD C 


t2 


FSR | | | | | | 


| | | 
k\@————- RECEIVE CONVERSION PERIOD A ———— yt RECEIVE CONVERSION PERIOD B—————— 
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asynchronous operation — more than one set of primary and secondary DX serial communication 
occurring between two receive frame sync (see AIC DX Data Word Format section) 


The TA, TA’, TB, and control register information that is transmitted in the secondary communications 
is always accepted and is applied during the ongoing transmit conversion period. If there is sufficient time 
between t1 and t2, the TA, RA’, and RB register information, which is sent during Transmit Conversion 
Period A, will be applied to Receive Conversion Period A. Otherwise, this information will be applied during 
Receive Conversion Period B. If RA, RA’, and RB register information has already been received and is 
being applied during an ongoing conversion period, any subsequent RA, RA’, or RB information that is 
received during this receive conversion period will be disregarded (see diagram below). 


t 


PRIMARY SECONDARY PRIMARY SECONDARY PRIMARY SECONDARY 2 
FSX ” 
~ 
® 
| TRANSMIT | TRANSMIT | TRANSMIT | ® 
\¢—— CONVERSION——————}_ CON VERSION —————_¢_ CONVERSION ———_—_ tne 
PERIOD A PERIOD B PERIOD C (op) 
4) 
t2 tad 
a 
FSR 
RECEIVE CONVERSION : 
+— >t —__—___. EIVE CONVERSION PERIOD B——__} 
PERIOD A BEC 9 
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test modest 


The following paragraph provides information that allows the TLC32044 to be operated in special test 
modes. These test modes are used by Texas Instruments to facilitate testing of the device during 
manufacturing. They are not intended to be used in real applications, however, they allow the filters in 
the A/D and D/A paths to be used without using the A/D and D/A converters. 


In normal operation, the nonusable (NU) pins are left unconnected. These NU pins are used by the factory 
to speed up testing of the TLC32044 Analog Interface Circuit (AIC). When the device is used in normal 
(non-test-mode) operation, the NU pin (pin 1) has an internal pull-down to —5 V. Externally connecting 
OV or 5 V to pin 1 puts the device in test-mode operation. Selecting one of the possible test modes is 


accomplished by placing a particular voltage on certain pins. A description of these modes is provided 
in Table 2 and Figures 1 and 2. 


TABLE 2. LIST OF TEST MODES 


D/A PATH TEST (PIN 1 to 5 V) A/D PATH TEST (PIN 1 to 0) 
TEST FUNCTION TEST FUNCTION 


The low-pass switched-capacitor filter clock is brought The bandpass switched-capacitor filter clock is brought 
out to pin 5. This clock signal is normally internal. 
11 No change from normal operation. The EODX signal is The pulse that initiates the A/D conversion is brought 
Sop ee eS out here. This signal is normally internal. 
3 The pulse that initiates the D/A conversion is brought No change from normal operation. The EODR signal is 
ee ee 


27 and 28 | There are no test output signals provided on these pins. The outputs of the A/D path low-pass or bandpass filter 
(depending upon control bit d2 — see AIC DX Data 
Word Format section) are brought out to these pins. If 
the high-pass section is inserted, the output will have a 
(sinx)/x droop. The slope of the droop will be determined 
by the ADC sampling frequency, which is the high-pass 
section clock frequency (see diagram of bandpass or 
low-pass filter test for receive section). These outputs 
will drive small (30-pF) loads. 


D/A PATH LOW-PASS FILTER TEST; PIN 13 (WORD/BYTE) to -—5 V 
TEST FUNCTION 
15 and 16 The inputs of the D/A path low-pass filter are brought out to pins 15 and 16. The D/A input to this filter is removed. 
If the (sin x)/x correction filter is inserted, the OUT + and OUT — signals will have a flat response (see Figure 2). The 


common-mode range of these inputs must not exceed +0.5 V. 


sjaeus beg BW 


T In the test mode, the AIC responds to the setting of Pin 13 to —5 V, as if Pin 13 were set to O V. Thus, the byte mode is selected 
for communicating between DSP and AIC. Either of the path tests (D/A or A/D) can be performed simultaneously with the D/A low-pass 
filter test. In this situation, Pin 13 must be connected to —5 V, which initiates byte-mode communications. 
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PIN 27 (POSITIVE), 
PIN 28 (NEGATIVE)? 


at TEST CONTROL 
~ (PIN 1 AT OV) 
FILTER 


M 
U A/D 
Xx 


‘ 


Y 
wee 
® 
® 

Bs 
) 
4°) 
ond 
© 
a) 
FIGURE 1. BANDPASS OR LOW-PASS FILTER TEST FOR RECEIVER SECTION 
FILTER 
(Sin x)/x 
es CORRECTION = 
TEST CONTROL 
(PIN 13 at —5 V) 
PIN 16 (POSITIVE), 
PIN 15 (NEGATIVE) 
FIGURE 2. LOW-PASS FILTER TEST FOR TRANSMIT SECTION 
TAI analog signal paths have differential architecture and hence have positive and negative components. 
T 4 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supory-voltage..y Cie prised NOT6EE he teats. 62 ox eadetss hl eo ee ee de -0.3 Vto 15 V 
SULIT MERLING, WLESER age). c svat ae ERE ae Os “25d 3 Og an den iy oe ne ee ee —0.3 V to 45°V 
RSC sie ntti CU PR. . yg faccuk eee 3 Ce ERR 0 as Fo ee ee -0.3 Vto 15 V 
Ot VON eee Nil rere rae. Be abe paso os ay POR ea t's) SA eee ee =073*V-to: bo: V 
Epler COMIICY POIPOCO res”. nat NOES Sati ase ck eee lg his cin tees Soe Oe eee =). 3-¥ 10: 15-V 
Operating free-air temperature range: TLC320441 ......................2.. —-40°C to 85°C 
PE, Ses. Pie ac Re eee eS OPC to. 70°C 
Orage temperate Tange. . occ Fa bie ic ee haz oy Wes ts Te? eo ee eee —~40°C to 125°C 
Case eniperguire for 70 seconds! “Ely maceege «cc a a2c es Se ee ek eee 260°C 
2 Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: N package ............ 260°C 
NOTE 1: Voltage values for maximum ratings are with respect to VCC -. 

4 recommended operating conditions 
3 PARAMETER [min NOM Max | UNIT 
“”n Supply voltage, Vcc + (see Note 2) 
> Supply voltage, Vcc — (see Note 2) -—4.75 =§ = 6.25 
@ Digital supply voltage, Vpp (see Note 2) 
® | Digital ground voltage with respect to ANLG GND, DGTL GND Pee ees ees eee 
7) Reference input voltage, Vrefiext) (see Note 2) 
High-level input voltage, Vijy 
Low-level input voltage, Vi, (see Note 3) 
Load resistance at OUT+ and/or OUT —, RL 300 
Load capacitance at OUT + and/or OUT—, Ci 
MSTR CLK frequency (see Note 4) 0.075 5 10.368 
Seaie 


Analog input amplifier common mode input voltage (see Note 5) 


A/D or D/A conversion rate kHz 


Conversion rate 


TLC32044I —4 
Operating free-air temperature, Ta TLC32044C 


NOTES: 2. Voltages at analog inputs and outputs, REF, Vcc +, and Vcc _, are with respect to the ANLG GND terminal. Voltages at 
digital inputs and outputs and Vpp are with respect to the DGTL GND terminal. 
3. The algebraic convention, in which the least positive (most negative) value is designated minimum, is used in this data sheet 
for logic voltage levels and temperature only. 
4. The bandpass switched-capacitor filter (SCF) specifications apply only when the low-pass section SCF clock is 288 kHz and 


a8 


ma ar ie 

wolrm|&|> ro) 

alolmila ro) 
oy 


~ 

| 
b x 
oO N 


O 
0 


(SCF) specifications apply only when the SCF clock is 288 kHz. If the SCF clock is shifted from 288 kHz, the low-pass roll-off 
frequency will shift by the ratio of the SCF clock to 288 kHz. 
5. This range applies when (IN+ — IN—) or (AUX IN+ — AUX IN—) equals +6 V. 
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electrical characteristics over recommended operating free-air temperature range, VCC + = 5 V, 
Vcc-—- = -5V, Vpp = 5 V (unless otherwise noted) 


total device, MSTR CLK frequency = 5.184 MHz, outputs not loaded 


PARAMETER 


VOH_ High-level output voltage Vpop = 4.75 V, Ion = —300 vA 
VoL Low-level output voltage Vop = 4.75 V, lot = 2 mA ; 


S ' alee y TLC320441 
current from - 
CC+ vupply CC + TLC32044C 


etn re y TLC320441 
i! current from a 

CAS Sree gee © he TLC32044C 

IDp Supply current from Vpp 


Vref Internal reference output voltage 


Temperature coefficient of 


a 
Vref internal reference voltage 


lo Output resistance at REF 


receive amplifier input 


PARAMETER TEST CONDITIONS 
A/D converter offset error (filters in) 10 
5 


Common-mode rejection ratio at IN¢+, IN-, 
CMRR See Note 6 5 
or AUX IN+, AUX IN - 


Input resistance at IN+, IN— 
or AUX IN+, AUX IN-, REF 


Data Sheets By) 


transmit filter output 


PARAMETER TEST CONDITIONS 


(single-ended relative to ANLG GND) 
ca Maximum peak output voltage swing across R~ = 300 2, 
Ry at OUT + or OUT — (single-ended) Offset voltage 
Maximum peak output voltage swing between 


OUT + and OUT — (differential output) 


VOM 


TAIl typical values are at Ta. = 253C. 
NOTE 6: The test condition is a O-dBm, 1-kHz input signal with an 8-kHz conversion rate. 
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electrical characteristics over recommended operating free-air temperature range, VCC + = 5 V, 
Vcc- = -—5V, Vpp = 5 V (unless otherwise noted) 


system distortion specifications, SCF clock frequency = 288 kHz 


TEST CONDITIONS MIN TYPt MAX | UNIT 
Vin = —0.1dBto —24 dB referred to Vref, | = 70 | | 
differential | See Note 7 Beas Se 


single-ended| Vj, = —0.1 dB to — 24 dB referred to Vref, 65 


62 
-OdBto —24dBreferredto Vref, | | 70 | 
62 70 


PARAMETER 


Attenuation of second harmonic of 
Attenuation of third and higher 

_| Attenuation of second harmonic of 
Attenuation of third and higher 


A/D channel signal-to-distortion ratio 


single-ended 


differential 


single-ended} Vin = 
See Note 7 
Vin = —0O dB to —24 dB referred to Vref, 
See Note 7 


differential 


single-ended 


2 


differential 


70 
70 
65 
70 
65 
test conoitions | Ay =1* | Ay=2t | Ay =a? _| 


(see Note 7) 
Vin = -6 dB to —0.1 dB 58 


Vin = = 12 dB to -6 dB 
Vin = -18dBto-12dB | 56 — | 
Vin = -24dBto-18dB | 50 | 


PARAMETER 


Ss}a9yUS eed 


Vin = —36 dB to —30 dB 


A/D channel signal-to-distortion ratio Vin = —30 dB to —24 dB 
Vin = —42 dB to —36 dB 


50 
38 
32 


Vin = -48dBto -42dB | 26 
Vin = -54dBto -48dB | 20 


T All typical values are at Ta = 25°C. 
t Ay is the programmable gain of the input amplifier. 
8 A value >60 is over range and signal clipping occurs. 


D/A channel signal-to-distortion ratio 


TEST CONDITIONS 
(see Note 7) 
Vin = —6 dB to —0.1 dB 
Vin = —12 dB to -6 dB 


Vin = -18dB to -12 dB 


PARAMETER 


Vin = —24dBto —18 dB 
D/A channel signal-to-distortion ratio Vin = ~—30 dB to —24 dB 
Vin = —36 dB to —30 dB 


Vin = -42 dB to —36 dB 
Vin = —48 dB to —42 dB 


Vin = -—54dB -48 dB 20 


NOTE 7: The test condition is a 1-kHz input signal with an 8-kHz conversion rate (O dB relative to Vref). The load impedance for the DAC 
is 600 0. 
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br 


electrical characteristics over recommended operating free-air temperature range, VCC + = 5 V, 
Vcc-— = -5V., Vpp = 5 V (unless otherwise noted) (Continued) 


gain and dynamic range 


PARAMETER TEST CONDITIONS MIN TYPT MAX | UNIT 


Absolute t it gain tracki fe) hile transmitti —48 dB to O GB signal range, 
solute transmit gain tracking error while transmitting re) ig rang +£0.05 +£0.15 4B 
into 600 Q See Note 8 
—48 dB to O dB signal range, 
Absolute receive gain tracking error 2 y +0.05 +0.15 
See Note 8 


power supply rejection and crosstalk attenuation 


PARAMETER TEST CONDITIONS MIN TYPt MAX | UNIT 


Idle channel, supply signal 


= 0 to 30 kHz 


at 200 mV p-p measured 


Data Sheets a 


Vcc+ or Vcc— supply voltage 
rejection ratio, receive channel 


Vec+ or Vcc -— supply voltage 


rejection ratio, transmit channel 


f= 0 16.30 kis: Idle channel, supply signal 


at 200 mV p-p measured 
(single-ended) 1S BORN TOO Kine at OUT + 


TAI typical values are at Ta = 25°C. 
NOTE 8: Gain tracking is relative to the absolute gain at 1 kHz and O dB (0 GB relative to Vref). 
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delay distortion 


bandpass filter transfer function, SCF fclock = 288 kHz, input (IN+ — IN—) is a +3-V sinewavet 
(see Note 9) 


FREQUENCY 
PARAMETER |TEST CONDITION 
RANGE 


f 
f 
f 
f 
t 


F ; Input signal 
Filter gain 
reference is O dB 
K1 x 2.3 dB 


K1 x 2.7 dB 


FREQUENCY 
PARAMETER - |TEST CONDITION 
RANGE 


f = 0 Hz to 8T00 Hz 
f = 3100 Hz to 3300 Hz 
, f = 3300 Hz to 3650 Hz 
; j Input signal 
Filter gain f = 3800 Hz 
reference is O dB 

f = 4000 Hz 

f = 4400 Hz 

f 


= 5000 Hz 


s}90US e81eq Bs 


serial port 


PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT 
VOH High-level output voltage » Ion = —300 pA ee ae aa ao 
} 


V 
VoL Low-level output voltage lol = 2mA 0.4 
Cj Input capacitance 
Co Output capacitance 


t See filter curves in typical characteristics. 

+The MIN, TYP, and MAX specifications are given for a 288-kHz SCF clock frequency. A slight error in the 288-kHz SCF may result from 
inaccuracies in the MSTR CLK frequency, resulting from crystal frequency tolerances. If this frequency error is less than 0.25%, the 
ADJUSTMENT ADDEND should be added to the MIN, TYP, and MAX specifications, where K1 = 100 « [(SCF frequency — 288 kHz)/ 
288 kHz]. For errors greater than 0.25%, see Note 10. 

8 All typical values are at Ta = 25°C. 

NOTES: 9. The filter gain outside of the passband is measured with respect to the gain at 1 kHz. The filter gain within the passband 
is measured with respect to the average gain within the passband. The passbands are 150 to 3600 Hz and O to 3600 Hz 
for the bandpass and low-pass filters respectively. 

10. For switched-capacitor filter clocks at frequencies other than 288 kHz, the filter response is shifted by the ratio of switched- 
capacitor filter clock frequency to 288 kHz. 
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operating characteristics over recommended operating free-air temperature range, VCC + = 5 V, 
Vcc- = -5V,Vpp =5V 


noise (measurement includes low-pass and bandpass switched-capacitor filters) 


PARAMETER TEST CONDITIONS TYyPpt MAX UNIT 
with (sin IT 


Transmit noise DX input = 00000000000000, constant input code 
00 
18 


3 500 Vrms 
Receive noise (see Note 11) Inputs grounded, gain = 1 
[18 | dBrnc0 | 


timing requirements 


serial port recommended input signals 


See Sane TT aR SARE RR TOT 
iio Mase aok aetna Se 
ici Meneidomte uns Peo ee | ee es ao de 
Tee ManrtoNwhe on ag S| Ge 
Los) SMantrdodeuiyoyde, a ee ee ee ee 


ns 
; ns 
ns 

RESET pulse duration (see Note 12) PBs BOG STs Settee ne 


“” 
~ 
® 
® 
Rss 
~” 
14°) 
~ 
4°) 
OQ 


95 
10 
10 
2 7 
800 
th(Dx) DX hold time after SCLK! 


TAI typical values are at Ta = 25°C. 
NOTES: 11. The noise is computed by statistically evaluating the digital output of the A/D converter. 
12. RESET pulse duration is the amount of time that the reset pin is held below 0.8 V after the power supplies have reached 
their recommended values. 
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operating characteristics over recommended operating free-air temperature range, VCC + = 5 V, 
Vcec-— = -5V, Vpp = 5 V (continued) 


serial port — AIC output signals 


PARAMETER 


tc(SCLK) Shift clock (SCLK) cycle time 
ttiSCLK Shift clock (SCLK) fall time 
triSCLK Shift clock (SCLK) rise time 
Shift clock (SCLK) duty cycle 
td(CH-FL) Delay from SCLKT to FSR/FSX1! 


td(CH-FH Delay from SCLKT to FSR/FSXt 


td(CH-DR DR valid after SCLKT 

tdw(CH-EL) Delay from SCLKt to EODX/EODRI in word mode 
tdw(CH-EH) Delay from SCLKT to EODX/EODRT in word mode 
tt(EODX EODX fall time 

tt(EODR EODR fall time 

tdb(CH-EL) | Delay from SCLKT to EODX/EODR! in byte mode 
tdb(CH-EH) Delay from SCLKT to EODX/EODRT in byte mode 


sjaaus eleg HS 


TABLE 2. GAIN CONTROL TABLE 
(ANALOG INPUT SIGNAL REQUIRED FOR FULL-SCALE A/D CONVERSION) 


CONTROL REGISTER BITS A/D CONVERSION 
INPUT CONFIGURATIONS ANALOG INPUT! 
d7 RESULT 
Differential configuration 1 +6V 
Analog input = IN+ — IN- O 


Single-ended configuration +3: V 
Analog input = IN+ — ANLG GND es 
= AUX IN+ — ANLG GND 
full-scale 


Tin this example, Vref is assumed to be 3 V. In order to minimize distortion, it is recommended that the analog input 
not exceed 0.1 dB below full scale. 


Rfb Rfb 
R 
IN + AUX IN+ 
R ¥O-Mux R TO MUX 
IN — AUX IN - 
Rfb Rfb 
Reh = R for d6 = 1, d7 = 1 Rfb = R for d6 = 1, d7 = 1 
d6 = 0,d7 = 0 d6 = 0,d7 = 0 
Rfh = 2R for d6 = 1, d7 = 0 Rfh = 2R for d6 = 1,d7 = 0 
Rfh = 4R for d6 = 0, d7 = 1 Rfb = 4R for d6 = 0, d7 = 1 
FIGURE 3. IN+ AND IN—- GAIN FIGURE 4. AUX IN+ AND AUX IN- 
CONTROL CIRCUITRY GAIN CONTROL CIRCUITRY 
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(sin x)/x correction section 


If the designer does not wish to use the on-board second-order (sin x)/x correction filter, correction can 
be accomplished in digital signal processor (DSP) software. (Sin x)/x correction can be accomplished easily 
and efficiently in digital signal processor (DSP) software. Excellent correction accuracy can be achieved 
to a band edge of 3000 Hz by using a first-order digital correction filter. The results, which are shown 
below, are typical of the numerical correction accuracy that can be achieved for sample rates of interest. 
The filter requires only seven instruction cycles per sample on the TMS320 DSPs. With a 200-ns instruction 
cycle, nine instructions per sample represents an overhead factor of 1.4% and 1.7% for sampling rates 
of 8000 Hz and 9600 Hz, respectively. This correction will add a slight amount of group delay at the upper 
edge of the 300—3000-Hz band. 


2 


(sin x)/x roll-off for a zero-order hold function 


The (sin x)/x roll-off for the AIC DAC zero-order hold function at a band-edge frequency of 3000 Hz for 
the various sampling rates is shown in the table below. 


TABLE 3. (sin x)/x ROLL-OFF 


sin x f/f, 


<m n f/f 
aS 


(f = 3000 Hz) 
(dB) 


Data Sheets 


Note that the actual AIC (sin x)/x roll-off will be slightly less than the above figures, because the AIC has 
less than a 100% duty cycle hold interval. 
correction filter 


To compensate for the (sin x)/x roll-off of the AIC, a first-order correction filter shown below, is 
recommended. 


U(j+ 1) Y(i+ 1) 


(1-p1)P2 


p1 


The difference equation for this correction filter is: 


Yie1 = p21 —pl)-(luj+ qi +pt yi 
where the constant p1 determines the pole locations. 
The resulting squared magnitude transfer function is: 


p22 (1—p1)2 


|H(f)|2 So 
1. - 2p1 cos(2 x f/fs) + p12 
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correction results 


Table 4 below shows the optimum p values and the corresponding correction results for 8000-Hz and 
9600-Hz sampling rates. 


TABLE 4 


ERROR (dB) ERROR (dB) 

fs = 8000 Hz fs = 9600 Hz 
pl = —0.14813 p1 = —0.1307 
p2 = 0.9888 p2 = 0.9951 


sja99uUus eleg Bh 


TMS320 software requirements 


The digital correction filter equation can be written in state variable form as follows: 
Y= k1Y +k2U 


where k1 equals p1 (from the preceding page), k2 equals (1 —p1)p2 (from the preceding page), Y is the 
filter state, and U is the next I/O sample. The coefficients k1 and k2 must be represented as 16-bit integers. 
The SACH instruction (with the proper shift) will yield the correct result. With the assumption that the 
TMS320 processor page pointer and memory configuration are properly initialized, the equation can be 
executed in seven instructions or seven cycles with the following program: 


ZAC 

LT K2 

MPY U 

LTA K1 

MPY Y 

APAC 

SACH (dma), (shift) 
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byte-mode timing 
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FIGURE 5. SERIAL PORT TIMING 
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T™TMS32010 


TLC32044 


SHIFT CLK 
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CLK OUT 
INT 


FIGURE 6. TMS32010/TMS320C15-TLC32044 INTERFACE CIRCUIT 


in instruction timing 
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FIGURE 7. TMS32010/TMS320C15-TLC32044 INTERFACE TIMING 
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TYPICAL CHARACTERISTICS 


AIC TRANSMIT AND RECEIVE LOW-PASS FILTER AIC TRANSMIT AND RECEIVE LOW-PASS FILTER 
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TYPICAL CHARACTERISTICS 


AIC RECEIVE CHANNEL BANDPASS FILTER AIC (SIN X)/X CORRECTION FILTER 
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TYPICAL CHARACTERISTICS 


A/D GAIN TRACKING 
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FIGURE 16 
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FIGURE 17 
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TYPICAL CHARACTERISTICS 
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TYPICAL CHARACTERISTICS 
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TYPICAL APPLICATION INFORMATION 
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D3188, DECEMBER 1988 


Advanced LinCMOS”™ Silicon-Gate Process N PACKAGE 
Technology (TOP VIEW) 


14-Bit Dynamic Range ADC and DAC 


16-Bit Dynamic Range Input with 
Programmable Gain 


® Variable ADC and DAC Sampling Rate Up to 
19,200 Samples per Second 


@ Switched-Capacitor Antialiasing Input Filter 
and Output-Reconstruction Filter 


@ Serial Port for Direct interface to 
TMS320C17, TMS32020, TMS320C25, 
and TMS320C30 Digital Processors 


@ Synchronous or Asynchronous ADC and 
DAC Conversion Rates with Programmabie 
Incremental ADC and DAC Conversion 


ae : | FN PACKAGE 
Timing Adjustments (TOP VIEW) 
@ Serial Port Interface to SN74299 Seriai-to- & ho 
Parallel Shift Register for Parallel Interface % 2 oe eS 
to TMS32010, TMS320C15, or Other 
Digital Processors 4.°3-2- 4 
@ Internal Reference for Normal Operation and a8 ane a 
External Purposes, or Can Be Overridden by MSTR: CLR ni aabcul 
External Reference VDD aarti IN 
REF 22) OUT + 
description ee i ae 
SHIFT CLK 200) Vcc + 
The TLC32045 is a complete analog-to-digital EODX 19 Vcc = 


and digital-to-analog input/output system on a 
single monolithic CMOS chip. This device 
integrates a bandpass switched-capacitor 
antialiasing input filter, a 14-bit-resolution A/D 
converter, four microprocessor-compatibie serial 
port modes, a 14-bit-resolution D/A converter, 
and a low-pass switched-capacitor output- 
reconstruction filter. The device offers numerous NU—Nonusable; no external connection should be made to these 
combinations of Master Clock input frequencies pins. See Table 2. 

and conversion/sampling rates, which can be 

changed via digital processor control. 


~S 
10.9) 


ANLG GND [J 
ANLG GND [J 


Typical applications for this IC include speech encryption for digital transmission, speech recognition/storage 
systems, speech synthesis, modems (7.2-, 8-, 9.6-, 14.4-, and 19.2-kHz sampling rate), analog interface 
for digital signal processors (DSPs), industrial process control, biomedical instrumentation, acoustical signal 
processing, spectral analysis, data acquisition, and instrumentation recorders. Four serial modes, which 
allow direct interface to the TMS320C17, TMS32020, TMS320C25, and TMS320C30 digital signal 


Advanced LinCMOS™ is a trademark of Texas instruments Incorporated. 
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current as of publication date. Products conform to ‘) 

a per “ = of Texas peomonts TEXAS re 
standard warranty. Production processing does no : 
necessarily includ testing of all parameters. INSTRUMENTS 


POST OFFICE BOX 655012 © DALLAS, TEXAS 75265 


TLC320451, TLC32045C 
VOICE-BAND ANALOG INTERFACE CIRCUITS 


BRDU ACCP Ed CRE MEMOIR at EAE CR REAR Tes HERS LS REBROADCAST HERERO REE F8 DAES SE PETAR PR I TESLA ZOLA A REE 

description (continued) 
processors, are provided. Also, when the transmit and receive sections of the Analog Interface Circuit 
(AIC) are operating synchronously, it will interface to two SN74299 serial-to-parallel shift registers. These 
serial-to-parallel shift registers can then interface in parallel to the TMS32010, TMS320C15, other digital 
signal processors, or external FIFO circuitry. Output data pulses are emitted to inform the processor that 
data transmission is complete or to allow the DSP to differentiate between two transmitted bytes. A flexible 
control scheme is provided so that the functions of the IC can be selected and adjusted coincidentally 
with signal processing via software control. 


The antialiasing input filter comprises eighth-order and fourth-order CC-type (Chebyshev/elliptic transitional) 
low-pass and high-pass filters, respectively. The input filter is implemented in switched-capacitor technology 
and is preceded by a continuous time filter to eliminate any possibility of aliasing caused by sampled data 
filtering. When only low-pass filtering is desired, the high-pass filter can be switched out of the signal path. 
A selectable, auxiliary, differential analog input is provided for applications where more than one analog 
input is required. 


The A/D and D/A converters each have 14 bits of resolution with 9 bits of integral linearity specified over 
any 9-bit range. The A/D and D/A architectures ensure no missing codes and monotonic operation. An 
internal voltage reference is provided to ease the design task and to provide complete control over the 
performance of the IC. The internal voltage reference is brought out to a pin and is available to the designer. 
Separate analog and digital voltage supplies and grounds are provided to minimize noise and ensure a wide 
dynamic range. Also, the analog circuit path contains only differential circuitry to keep noise to an absolute 
minimum. The only exception is the DAC sample-and-hold, which utilizes pseudo-differential circuitry. 


s}a90us e1eq HWS 


The output-reconstruction filter is an eighth-order CC-type (Chebyshev/elliptic transitional low-pass filter) 
followed by a second-order (sin x)/x correction filter) and is implemented in switched-capacitor technology. 
This filter is followed by a continuous-time filter to eliminate images of the digitally encoded signal. The 
on-board (sin x)/x correction filter can be switched out of the signal path using digital signal processor 
control, if desired. 


The TLC32045Il is characterized for operation from — 40°C to 85°C, and the TLC32045C is characterized 
for operation from O°C to 70°C. 
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PRINCIPLES OF OPERATION 


analog input 


Two sets of analog inputs are provided. Normally, the IN+ and IN — input set is used; however, the auxiliary 
input set, AUX IN+ and AUX IN —, can be used if a second input is required. Each input set can be operated 
in either differential or single-ended modes, since sufficient common-mode range and rejection are provided. 
The gain for the IN+, IN—, AUX IN+, and AUX IN— inputs can be programmed to be either 1, 2, or 4 
(see Table 2). Either input circuit can be selected via software control. It is important to note that a wide 
dynamic range is assured by the differential internal analog architecture and by the separate analog and 
digital voltage supplies and grounds. 


A/D bandpass filter, A/D bandpass filter clocking, and A/D conversion timing 


The A/D high-pass filter can be selected or bypassed via software control. The frequency response of this 
filter is presented in the following pages. This response results when the switched-capacitor filter clock 
frequency is 288 kHz and the A/D sample rate is 8 kHz. Several possible options can be used to attain 
a 288-kHz switched-capacitor filter clock. When the filter clock frequency is not 288 kHz, the low-pass 
filter transfer function is frequency-scaled by the ratio of the actual clock frequency to 288 kHz. The ripple 
bandwidth and 3-dB low-frequency roll-off points of the high-pass section are 150 and 100 Hz, respectively. 
However, the high-pass section low-frequency roll-off is frequency-scaled by the ratio of the A/D sample 
rate to 8 kHz. 


The Internal Timing Configuration and AIC DX Data Word Format sections of this data sheet indicate the 
many options for attaining a 288-kHz bandpass switched-capacitor filter clock. These sections indicate 
that the RX Counter A can be programmed to give a 288-kHz bandpass switched-capacitor filter clock 
for several Master Clock input frequencies. 
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A/D 


PRINCIPLES OF OPERATION (continued) 


The A/D conversion rate is then attained by frequency-dividing the 288-kHz bandpass switched-capacitor 
filter clock with the RX Counter B. Thus, unwanted aliasing is prevented because the A/D conversion rate 
is an integral submultiple of the bandpass switched-capacitor filter sampling rate, and the two rates are 
synchronously locked. 


converter performance specifications 


Fundamental performance specifications for the A/D converter circuitry are presented in the A/D converter 
operating characteristics section of this data sheet. The realization of the A/D converter circuitry with 
switched-capacitor techniques provides an inherent sample-and-hold. 


analog output 


The analog output circuitry is an analog output power amplifier. Both noninverting and inverting amplifier 
outputs are brought out of the IC. This amplifier can drive transformer hybrids or low-impedance loads 
directly in either a differential or single-ended configuration. 


low-pass filter, D/A low-pass filter clocking, and D/A conversion timing 


The frequency response of this filter is presented in the following pages. This response results when the 
low-pass switched-capacitor filter clock frequency is 288 kHz. Like the A/D filter, the transfer function 
of this filter is frequency-scaled when the clock frequency is not 288 kHz. A continuous-time filter is provided 
on the output of the (sin x)/x filter to eliminate the periodic sample data signal information, which occurs 
at multiples of the 288-kHz switched-capacitor filter clock. The continuous time filter also greatly attenuates 
any switched-capacitor clock feedthrough. 


The D/A conversion rate is attained by frequency-dividing the 288-kHz switched-capacitor filter clock with 
TX Counter B. Thus, unwanted aliasing is prevented because the D/A conversion rate is an integral 
submultiple of the switched-capacitor low-pass filter sampling rate, and the two rates are synchronously 
locked. 


asynchronous versus synchronous operation 


lf the transmit section of the AIC (low-pass filter and DAC) and receive section (bandpass filter and ADC) 
are operated asynchronously, the low-pass and bandpass filter clocks are independently generated from 
the Master Clock signal. Also, the D/A and A/D conversion rates are independently determined. If the 
transmit and receive sections are operated synchronously, the low-pass filter clock drives both low-pass 
and bandpass filters. In synchronous operation, the A/D conversion timing is derived from, and is equal 
to, the D/A conversion timing. (See description of the WORD/BYTE pin in the Pin Functional Description 
Section.) : 


converter performance specifications 


Fundamental performance specifications for the D/A converter circuitry are presented in the D/A converter 
operating characteristics section of the data sheet. The D/A converter has a sample-and-hold that is realized 
with a switched-capacitor ladder. 


system frequency response correction 


(Sin x)/x correction for the D/A converter’s zero-order sample-and-hold output can be provided by an on- 
board second-order (sin x)/x correction filter. This (sin x)/x correction filter can be inserted into or deleted 
from the signal path by digital signal processor control. When inserted, the (sin x)/x correction filter follows 
the switched-capacitor low-pass filter. When the TB register (see Internal Timing Configuration section) 
equals 36, the correction results of Figures 11 and 12 will be obtained. 
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PRINCIPLES OF OPERATION (continued) 


(Sin x)/x correction can also be accomplished by deleting the on-board second-order correction filter and 
performing the (sin x)/x correction in digital signal processor software. The system frequency response 
can be corrected via DSP software to +0.1 dB accuracy to a band-edge of 3000 Hz for all sampling rates. 
This correction is accomplished with a first-order digital correction filter, which requires only seven TMS320 
instruction cycles. With a 200-ns instruction cycle, seven instructions represent an overhead factor of 
only 1.1% and 1.3% for sampling rates of 8 and 9.6 kHz, respectively (see the (sin x)/x Correction Section 
for more details). 


serial port 


The serial port has four possible modes that are described in detail in the Functional Pin Description Section. 
These modes are briefly described below and in the Functional Description for Pin 13, WORD/BYTE. 


1. The transmit and receive sections are operated asynchronously, and the serial port interfaces 
directly with the TMS320C17. 


2. The transmit and receive sections are operated asynchronously, and the serial port interfaces 
directly with the TMS32020, TMS320C25, and the TMS320C30. 


3. The transmit and receive sections are operated synchronously, and the serial port interfaces directly 
with the TMS320C17. 


4. The transmit and receive sections are operated synchronously, and the serial port interfaces directly 
with the TMS32020, TMS320C25, TMS320C30, or two SN74299 serial-to-parallel shift registers, 
which can then interface in parallel to the TMS32010, TMS320C15, to any other digital signal 
processor, or to external FIFO circuitry. 


operation of TLC32045 with internal voltage reference 


The internal reference of the TLC32045 eliminates the need for an external voltage reference and provides 
overall circuit cost reduction. Thus, the internal reference eases the design task and provides complete 
control over the performance of the IC. The internal reference is brought out to a pin and is available to 
the designer. To keep the amount of noise on the reference signal to a minimum, an external capacitor 
may be connected between REF and ANLG GND. 


operation of TLC32045 with external voltage reference 


The REF pin may be driven from an external reference circuit if so desired. This external circuit must be 
capable of supplying 250 nA and must be adequately protected from noise such as crosstalk from the 
analog input. 


reset 


A reset function is provided to initiate serial communications between the AIC and DSP and to allow fast, 
cost-effective testing during manufacturing. The reset function will initialize all AIC registers, including 
the control register. After a negative-going pulse on the RESET pin, the AIC will be initialized. This 
initialization allows normal serial port communications activity to occur between AIC and DSP (see AIC DX 
Data Word Format section). 
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PRINCIPLES OF OPERATION (Continued) 
loopback 


This feature allows the user to test the circuit remotely. In loopback, the OUT + and OUT — pins are internally 
connected to the IN+ and IN-— pins. Thus, the DAC bits (d15 to d2), which are transmitted to the DX 
pin, can be compared with the ADC bits (d15 to d2), which are received from the DR pin. An ideal comparison 
would be that the bits on the DR pin equal the bits on the DX pin. However, in practice there will be some 
difference in these bits due to the ADC and DAC output offsets. 


The loopback feature is implemented with digital signal processor control by transmitting the appropriate 
serial port bit to the control register (see AlC Data Word Format section). 


DESCRIPTION 


ANLG GND_ 17,18 
24 


| Oo 
x< 
< 

UAE Atle a nadine.) a eee 


Analog ground return for all internal analog circuits. Not internally connected to DGTL GND. 


Noninverting auxiliary analog input stage. This input can be switched into the bandpass filter and A/D converter 
path via software control. If the appropriate bit in the Control register is a 1, the auxiliary inputs will replace 


> 
c 
x< 
Z 
ae 


the IN+ and IN — inputs. If the bit is a 0, the IN+ and IN-— inputs will be used (see the AIC DX Data Word 
Format section). 


Inverting auxiliary analog input (see the above AUX IN+ pin description). 
Digital ground for all internal logic circuits. Not internally connected to ANLG GND. 


This pin is used to transmit the ADC output bits from the AIC to the TMS320 serial port. This transmission 
of bits from the AIC to the TMS320 serial port is synchronized with the SHIFT CLK signal. 
This pin is used to receive the DAC input bits and timing and control information from the TMS320. This serial 
transmission from the TMS320 serial port to the AIC is synchronized with the SHIFT CLK signal. 
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AUX IN -— 
DGTL GND 


NO 
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(See the WORD/BYTE pin description and the Serial Port Timing Diagram.) During the word-mode 
timing, this signal is a low-going pulse that occurs immediately after the 16 bits of A/D information have been 
transmitted from the AIC to the TMS320 serial port. This signal can be used to interrupt a microprocessor 
upon completion of serial communications. Also, this signal can be used to strobe and enable external serial- 
to-parallel shift registers, latches, or external FIFO RAM, and to facilitate parallel data bus communications 
between the AIC and the serial-to-parallel shift registers. During the byte-mode timing, this signal goes low 
after the first byte has been transmitted from the AIC to the TMS320 serial port and is kept low until the 
second byte has been transmitted. The TMS320C17 can use this low-going signal to differentiate between 
the two bytes as to which is first and which is second. 
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/0 DESCRIPTION 


(See the WORD/BYTE pin description and the Serial Port Timing Diagram.) During the word-mode 
timing, this signal is a low-going pulse that occurs immediately after the 16 bits of D/A converter and control 


or register information have been transmitted from the TMS320 serial port to the AIC. This signal can be used 


to interrupt a microprocessor upon the completion of serial communications. Also, this signal can be used 


to strobe and enable external serial-to-parallel shift registers, latches, or an external FIFO RAM, and to facilitate 


parallel data-bus communications between the AIC and the serial-to-parallel shift registers. During the byte- 


mode timing, this signal goes low after the first byte has been transmitted from the TMS320 serial port to 


the AIC and is kept low until the second byte has been transmitted. The TMS320C17 can use this low-going 


signal to differentiate between the two bytes as to which is first and which is second. 
In the serial transmission modes, which are described in the WORD/BYTE pin description, the FSR pin is held 
low during bit transmission. When the FSR pin goes low, the TMS320 serial port will begin receiving bits from 
the AIC via the DR pin of the AIC. The most significant DR bit will be present on the DR pin before FSR goes 
low. (See Serial Port Timing and Internal Timing Configuration Diagrams.) 


When this pin goes low, the TMS320 serial port will begin transmitting bits to the AIC via the 


DX pin of the AIC. In all serial transmission modes, which are described in the WORD/BYTE pin description, 


the FSX pin is held low during bit transmission (see Serial Port Timing and Internal Timing Configuration 


Diagrams). 


Noninverting input to analog input amplifier stage 
Inverting input to analog input amplifier stage 


The Master Clock signal is used to derive all the key logic signals of the AIC, such as the Shift Clock, the 


IN + 
IN — 
MSTR CLK 


switched-capacitor filter clocks, and the A/D and D/A timing signals. The Internal Timing Configuration diagram 


shows how these key signals are derived. The frequencies of these key signals are synchronous submultiples 


of the Master Clock frequency to eliminate unwanted aliasing when the sampled analog signals are transferred 


between the switched-capacitor filters and the A/D and D/A converters (see the Internal Timing Configuration). 


directly in either a differential or a single-ended configuration. 


Inverting output of analog output power amplifier. Functionally identical with and complementary to OUT +. 


1/O | The internal voltage reference is brought out on this pin. An external voltage reference can also be applied 
to this pin. 


Noninverting output of analog output power amplifier. Can drive transformer hybrids or high-impedance loads 


AIC registers including the control register. After a negative-going pulse on the RESET 


pin, the AIC registers will be initialized to provide an 8-kHz data conversion rate for a 5.184-MHz master clock 


input signal. The conversion rate adjust registers, TA’ and RA’, will be reset to 1. The CONTROL register bits 


will be reset as follows (see AIC DX Data Word Format section). 


d9 = 1, d7 = 1, d6 = 1, d5 = 1, d4 = O, d3 = O, d2 = 1 


This initialization allows normal serial-port communication to occur between AIC and DSP. 
The Shift Clock signal is obtained by dividing the Master Clock signal frequency by four. This signal is used 
to clock the serial data transfers of the AIC, described in the WORD/BYTE pin description 


SHIFT CLK 
below (see the Serial Port Timing and Internal Timing Configuration diagram). 


i SRE es ter Digital supply voltage, 5 V +5% 
a eee Se Se Positive analog supply voltage, 5 V +5% 
Vee bs ag tg Negative analog supply voltage —-5 V +5% 


A reset function is provided to initialize the TA, TA’, TB, RA, RA’, RB, and control registers. This 
reset function initiates serial communications between the AIC and DSP. The reset function will initialize all 


EODX 11 
FSR 4 
FSX 14 
26 

25 

6 

OUT + 22 
OUT - 21 
REF 8 
RESET 2 
10 

Vpb 4 
Voc + 20 
19 


NO 
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WORD/BYTE 13 This pin, in conjunction with a bit in the CONTROL register, is used to establish one of four serial 
modes. These four serial modes are described below. 
AIC transmit and receive sections are operated asynchronously. 
The following description applies when the AIC is configured to have asynchronous transmit and receive sections. 
If the appropriate data bit in the Control register is a O (see the AIC DX Data Word Format), the transmit and 
receive sections will be asynchronous. 

ib Serial port directly interfaces with the serial port of the TMS320C17 and communicates in two 
8-bit bytes. The operation sequence is as follows (see Serial Port Timing diagrams). 

. The FSX or FSR pin is brought low. 
. One 8-bit byte is transmitted or one 8-bit byte is received. 
. The EODX or EODR pin is brought low. 
. The FSX or FSR pin emits a positive frame-sync pulse that is 
four Shift Clock cycles wide. 
. One 8-bit byte is transmitted or one 8-bit byte is received. 
. The EODX or EODR pin is brought high. 
. The FSX or FSR pin is brought high. 
Serial port directly interfaces with the serial ports of the TMS32020, TMS320C25, and TMS320C30, 
and communicates in one 16-bit word. The operation sequence is as follows (see Serial Port Timing 
diagrams): 
1. The FSX or FSR pin is brought low. 
2. One 16-bit word is transmitted or one 16-bit word is received. 
3. The FSX or FSR pin is brought high. : 
4. The EODX or EODR pin emits a low-going pulse. 
AIC transmit and receive sections are operated synchronously. 
lf the appropriate data bit in the Control register is a 1, the transmit and receive sections will be configured 
to be synchronous. In this case, the bandpass switched-capacitor filter and the A/D conversion timing will 
be derived from the TX Counter A, TX Counter B, and TA, TA’, and TB registers, rather than the RX Counter 
A, RX Counter B, and RA, RA’, and RB registers. In this case, the AIC FSX and FSR timing will be identical 
during primary data communication; however, FSR will not be asserted during secondary data communication 
since there is no new A/D conversion result. The synchronous operation sequences are as follows (see Serial 
Port Timing diagrams). 
L Serial port directly interfaces with the serial port of the TMS320C17 and communicates in two 
8-bit bytes. The operation sequence is as follows (see Serial Port Timing diagrams): 

. The FSX and FSR pins are brought low. 

. One 8-bit byte is transmitted and one 8-bit byte is received. 

. The EODX and EODR pins are brought low. 

. The FSX and FSR pins emit positive frame-sync pulses that are 

four Shift Clock cycles wide. 

. One 8-bit byte is transmitted and one 8-bit byte is received. 

. The EODX and EODR pins are brought high. 

. The FSX and FSR pins are brought high. 

H Serial port directly interfaces with the serial ports of the TMS32020, TMS320C25, and TMS320C30, 
and communicates in one 16-bit word. The operation sequence is as follows (see Serial Port Timing 
diagrams): 

1. The FSX and FSR pins are brought low. 

2. One 16-bit word is transmitted and one 16-bit word is received. 

3. The FSX and FSR pins are brought high. 

4. The EODX or EODR pins emit low-going pulses. 
Since the transmit and receive sections of the AIC are now synchronous, the AIC serial port, with additional 
NOR and AND gates, will interface to two SN74299 serial-to-parallel shift registers. Interfacing the AIC to 
the SN74299 shift register allows the AIC to interface to an external FIFO RAM and facilitates parallel, data 
bus communications between the AIC and the digital signal processor. The operation sequence is the same 
as the above sequence (see Serial Port Timing diagrams). 
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INTERNAL TIMING CONFIGURATION 


MASTER GLOGK ie is 4 Geet Cc oryyioe ery, te SHIFT CLOCK 
5.184 MHz (1) DIVIDE BY 4 -————-______+—_—___® 1.296 MHz (1) 
10.368 MHz (2) REN aire. Jeli Aa iy SG ae 2.592 MHz (2) 
41.472 Mz (2) TA’ REGISTER ' 
XTAL TMS320 
TA REGISTER 
osc (5 BITS) (6 BITS) LOW-PASS/ 
(2's COMPL) (SIN X)/X 
CORRECTION 
SWITCHED 
OPTIONAL EXTERNAL CIRCUITRY ADDER/ DIVIDE BY 2 CAP FILTER a 
FOR FULL DUPLEX MODEMS SUBTRACTOR CLK = 288 kHz 
153.6 kHz (6 BITS) SQUARE WAVE 


pivipe 1etOC*k (FT CommeERCIAL 
BY 135 EXTERNAL 
FRONT-END 


TB REGISTER 
(6 BITS) 


TX COUNTER B 
TB=40; 7.2 kHz 
TB=36; 8.0 kHz 
TB=30; 9.6 kHz 
TB=20; 14.4 kHz 
TB= 15; 19.2 kHz 


| 

| 

| 

FULL-DUPLEX 
SPLIT-BAND 

FILTERSt | 

me 


D/A 
CONVERSION 
FREQUENCY 


TX COUNTER A 
[TA = 9 (1)] 
[TA = 18 (2)] 
(6 BITS) 


72) 
ns 
® 
® 
fen 
op) 
4°) 
er 
© 
a) 


576-kHz 
PULSES 


RA’ REGISTER 
RA REGISTER ‘abies 
iota (2's COMPL) 
LOW-PASS 
SWITCHED 
ADDER/ CAP FILTER 
SUBTRACTOR CLK = 288 kHz 
(6 BITS) SQUARE WAVE 
RB REGISTER 
(6 BITS) 
oe e 
do.d;=0,0 sagas Sh 
dg.dy=1,1' do.d,=1,0 A/D 
ashe CONVERSION 
RX COUNTER A play ie leat hg FREQUENCY) 
RB=36; 8.0 kHz 
(RA = 9(1)] te een HIGH-PASS 
[RA = 18 (2)] SWITCHED 
pepe 576-kHz RB = 20; 14.4 kHz swamerettotl 
PULSES RB= 15; 19.2 kHz 
i CLK 


NOTE: Frequency 1, 20.736 MHz, is used to show how 153.6 kHz (for a commercially available modem split-band filter clock), popular 
speech and modem sampling signal frequencies, and an internal 288-kHz switched-capacitor filter clock can be derived synchronously 
and as submultiples of the crystal oscillator frequency. Since these derived frequencies are synchronous submultiples of the crystal 
frequency, aliasing does not occur as the sampled analog signal passes between the analog converter and switched-capacitor filter 
stages. Frequency 2, 41.472 MHz, is used to show that the AIC can work with high-frequency signals, which are used by high- 
speed digital signal processors. 

TSplit-band filtering can alternatively be performed after the analog input function via software in the TMS320. 

+These control bits are described in the AIC DX Data Word Format section. 
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explanation of internal timing configuration 


All of the internal timing of the AIC is derived from the high-frequency clock signal that drives the Master 
Clock input pin. The Shift Clock signal, which strobes the serial port data between the AIC and DSP, is 
derived by dividing the Master Clock input signal frequency by four. 


Low-pass: 
SCF Clock Frequency _ Master Clock Frequency 
(D/A or A/D Path) - 2 x Contents of Counter A 


SCF Clock Frequency (D/A or A/D Path) 
Contents of Counter B 


Conversion Frequency 


High-pass: 


SCF Clock Frequency 


(A/D Path) A/D Conversion Frequency 


Master Clock Frequency 
4 


Shift Clock Frequency 
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TX Counter A and TX Counter B, which are driven by the Master Clock signal, determine the D/A conversion 
timing. Similarly, RX Counter A and RX Counter B determine the A/D conversion timing. In order for the 
low-pass switched-capacitor filter in the D/A path to meet its transfer function specifications, the frequency 
of its clock input must be 288 kHz. If the clock frequency is not 288 kHz, the filter transfer function 
frequencies are frequency-scaled by the ratios of the clock frequency to 288 kHz. Thus, to obtain the 
specified filter response, the combination of Master Clock frequency and TX Counter A and RX Counter 
A values must yield a 288-kHz switched-capacitor clock signal. This 288-kHz clock signal can then be 
divided by the TX Counter B to establish the D/A conversion timing. 


The transfer function of the bandpass switched-capacitor filter in the A/D path is a composite of its high- 
pass and low-pass section transfer functions. The high-frequency roll-off of the low-pass section will meet 
the bandpass filter transfer function specification when the low-pass section SCF is 288 kHz. Otherwise, 
the high-frequency roll-off will be frequency-scaled by the ratio of the high-pass section’s SCF clock to 
288 kHz. The low-frequency roll-off of the high-pass section will meet the bandpass filter transfer function 
specification when the A/D conversion rate is 8 kHz. Otherwise, the low-frequency roll-off of the high- 
pass section will be frequency-scaled by the ratio of the A/D conversion rate to 8 kHz. 


TX Counter A and TX Counter B are reloaded every D/A conversion period, while RX Counter A and RX 
Counter B are reloaded every A/D conversion period. The TX Counter B and RX Counter B are loaded with 
the values in the TB and RB Registers, respectively. Via software control, the TX Counter A can be loaded 
with either the TA Register, the TA Register less the TA’ Register, or the TA Register plus the TA’ Register. 
By selecting the TA Register less the TA’ Register option, the upcoming conversion timing will occur earlier 
by an amount of time that equals TA’ times the signal period of the Master Clock. By selecting the TA 
Register plus the TA’ Register option, the upcoming conversion timing will occur later by an amount of 
time that equals TA’ times the signal period of the Master Clock. Thus, the D/A conversion timing can 
be advanced or retarded. An identical ability to alter the A/D conversion timing is provided. In this case, 
however, the RX Counter A can be programmed via software control with the RA Register, the RA Register 
less the RA’ Register, or the RA Register plus the RA’ Register. 


The ability to advance or retard conversion timing is particularly useful for modem applications. This feature 
allows controlled changes in the A/D and D/A conversion timing. This feature can be used to enhance 
signal-to-noise performance, to perform frequency-tracking functions, and to generate nonstandard modem 
frequencies. 
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If the transmit and receive sections are configured to be synchronous (see WORD/BYTE pin description), 
then both the low-pass and bandpass switched-capacitor filter clocks are derived from TX Counter A. Also, 
both the D/A and A/D conversion timing are derived from the TX Counter A and TX Counter B. When the 
transmit and receive sections are configured to be synchronous, the RX Counter A, RX Counter B, RA 
Register, RA’ Register, and RB Registers are not used. 


AIC DR or DX word bit pattern 


A/D or D/A MSB, 
1st bit sent 1st bit sent of 2nd byte A/D or D/A LSB 


D13| 012] D11{ Dio] _Dg{ os | 07 | Dé | Ds | 04] D3 | D2] 01 | DO | 
AIC DX data word format section 


415 ]d14 [413412] d11]d10]d9]a8[a7]a6]d5|d4|a3]d2|di}do| COMMENTS 
[primary DX serialcommunication protocol 7S 


primary DX serial communication protocol 
< d15 (MSB) through d2 go to the D/A The TX and RX Counter A’s are loaded with the TA and RA 
converter register register values. The TX and RX Counter B’s are loaded with TB 
and RB register values. 
< d15 (MSB) through d2 go to the D/A The TX and RX Counter A’s are loaded with the TA+TA’ and 
converter register RA + RA’ register values. The TX and RX Counter B’s are loaded 
with the TB and RB register values. NOTE: d1=0, dO=1 will 
cause the next D/A and A/D conversion periods to be changed 
by the addition of TA’ and RA’ Master Clock cycles, in which 
TA’ and RA’ can be positive or negative or zero. Please refer to 
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Table 1. AIC Responses to Improper Conditions. 
< d15 (MSB) through d2 go to the D/A The TX and RX Counter A’‘s are loaded with the TA— TA’ and 
converter register RA — RA‘ register values. The TX and RX Counter B’s are loaded 
with the TB and RB register values. NOTE: d1=1, d0=0O will 


cause the next D/A and A/D conversion periods to be changed 


by the subtraction of TA’ and RA’ Master Clock cycles, in which 
TA’ and RA‘ can be positive or negative or zero. Please refer to 
Table 1. AIC Responses to Improper Conditions. 
< d15 (MSB) through d2 go to the D/A The TX and RX Counter A’s are loaded with the TA and RA 
converter register register converter register values. The TX and RX Counter B’s 
are loaded with the TB and RB register values. After a delay of 
four Shift Clock cycles, a secondary transmission will 
immediately follow to program the AIC to operate in the desired 


configuration. 


NOTE: Setting the two least significant bits to 1 in the normal transmission of DAC information (Primary Communications) to the AIC 
will initiate Secondary Communications upon completion of the Primary Communications. 


Upon completion of the Primary Communication, FSX will remain high for four SHIFT CLOCK cycles and will then go low and initiate 
the Secondary Communication. The timing specifications for the Primary and Secondary Communications are identical. In this manner, 
the Secondary Communication, if initiated, is interleaved between successive Primary Communications. This interleaving prevents 
the Secondary Communication from interfering with the Primary Communications and DAC timing, thus preventing the AIC from 
skipping a DAC output. It is important to note that in the synchronous mode, FSR will not be asserted during Secondary 
Communications. 
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secondary DX serial communication protocol 


x x| + to TA register > | x x | + to RA register d13 and d6 are MSBs (unsigned binary) 
x | + to TA’ register ~ | x | + to RA’ register d14 and d7 are 2’s complement sign bits 


x | + to TB register | x | + to RB register d14 and d7 are MSBs (unsigned binary) 
¥~ "OS d7 d6 d5 d4 d3 d2 
CONTROL 0/1 deletes/inserts the A/D highpass filter 
REGISTER 0/1 disables/enables the loopback function 
0/1 disables/enables the AUX IN+ and AUX IN— pins 
0/1 asynchronous/synchronous transmit and receive 


+ -——— 


sections 


0/1 gain control bits (see Gain Control Section) 


2 


gain control bits (see Gain Control Section) 


O/1 delete/insert on-board second-order (sin x)/x 


) correction filter 
pe) 
6 reset function 
— A reset function is provided to initiate serial communications between the AIC and DSP. The reset function 
ro will initialize all AIC registers, including the control register. After power has been applied to the AIC, a 
= negative-going pulse on the RESET pin will initialize the AIC registers to provide an 8-kHz A/D and D/A 
a conversion rate for a 5.184 MHz master clock input signal. The AIC, excepting the CONTROL register, 
will be initialized as follows (see AIC DX Data Word Format section): 
INITIALIZED 
REGISTER 
REGISTER VALUE (HEX) 
TA 9 
TA’ 1 
TB 24 
RA 9 
RA’ 1 
RB 24 


The CONTROL register bits will be reset as follows (see AIC DX Data Word Format section): 
d9 = T, d7 = 1,d6 = 1, d6 ="1, d4 = 0, d3 = 0, d2 = 1 


This initialization allows normal serial port communications to occur between AIC and DSP. If the transmit 
and receive sections are configured to operate synchronously and the user wishes to program different 
conversion rates, only the TA, TA’, and TB register need to be programmed, since both transmit and receive 
timing are synchronously derived from these registers (see the Pin Descriptions and AIC DX Word Format 
sections). 


The circuit shown below will provide a reset on power-up when power is applied in the sequence given 
under Power-Up Sequence. The circuit depends on the power supplies’ reaching their recommended values 
a minimum of 800 ns before the capacitor charges to 0.8 V above DGTL GND. 
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power-up sequence 


To ensure proper operation of the AIC, and as a safeguard against latch-up, it is recommmended that 
Schottky diodes with forward voltages less than or equal to 0.4 V be connected from Vcc — to ANLG 
GND and from Vcc — to DGTL GND (see Figure 21). In the absence of such diodes, power should be applied 
in the following sequence: ANLG GND and DGTL GND, Vcc —, then Vcc + and Vpp. Also, no input signal 
should be applied until after power-up. 


AIC responses to improper conditions 


The AIC has provisions for responding to improper conditions. These improper conditions and the response 
of the AIC to these conditions are presented in Table 1 below. 


AIC register constraints 
The following constraints are placed on the contents of the AIC registers: 


. TA register must be > 1. 

. TA’ register can be either positive, negative, or zero. 
. RA register must be > 1. 

. RA’ register can be either positive, negative, or zero. 
. (TA register + TA’ register) must be > 1. 

. (RA register + RA’ register) must be > 1. 

. TB register must be > 1. 


NOOR WDN — 


TABLE 1. AIC RESPONSES TO IMPROPER CONDITIONS 


TA register + TA’ register = O or 1 Reprogram TX Counter A with TA register value 
TA register + TA’ register < O MODULO 64 arithmetic is used to ensure that a positive value is loaded into the TX Counter A, 
i.e., TA register + TA’ register + 40 HEX is loaded into TX Counter A 


RA register + RA’ register = O or 1 Reprogram RX Counter A with RA register value 
RA register — RA’ register = O or 1 


RA register + RA’ register = O or 1 MODULO 64 arithmetic is used to ensure that a positive value is loaded into RX Counter A, 
i.e., RA register + RA’ register + 40 HEX is loaded into RX Counter A 


TA register = O or 1 AIC is shut down 
RA register = O or 1 
TB register = Oor 1 Reprogram TB register with 24 HEX 


RB register = Oor 1 Reprogram RB register with 24 HEX 
AIC and DSP cannot communicate Hold last DAC output 


improper operation due to conversion times being too close together 


If the difference between two successive D/A conversion frame syncs is less that 1/19.2 kHz, the AIC 
operates improperly. In this situation, the second D/A conversion frame sync occurs too quickly and there 
is not enough time for the ongoing conversion to be completed. This situation can occur if the A and B 
registers are improperly programmed or if the A + A’register or A — A’ register result is too small. When 
incrementally adjusting the conversion period via the A + A’ register options, the designer should be very 
careful not to violate this requirement (see diagram below). 


t4 t2 
FRAME 
SYNC 
FSX 
OR 


FSR 
to. = t4.2> 1/19.2 kHz 


k¢—- ONGOING CONVERSION 
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asynchronous operation — more than one receive frame sync occurring between two transmit frame 
syncs 


When incrementally adjusting the conversion period via the A + A’orA — A‘ register options, a specific 
protocol is followed. The command to use the incremental conversion period adjust option is sent to the 
AIC during a FSX frame sync. The ongoing conversion period is then adjusted. However, either Receive 
Conversion Period A or B may be adjusted. For both transmit and receive conversion periods, the incremental 
conversion period adjustment is performed near the end of the conversion period. Therefore, if there is 
sufficient time between t1 and t2, the receive conversion period adjustment will be performed during Receive 
Conversion Period A. Otherwise, the adjustment will be performed during Receive Conversion Period B. 
The adjustment command only adjusts one transmit conversion period and one receive conversion period. 
To adjust another pair of transmit and receive conversion periods, another command must be issued during 
a subsequent FSX frame (see figure below). 


ty 


| ! 
}—_——_ TRANSMIT CONVERSION PERIOD ———__—_—__} 


s}908UuS e1eg By 


}@— RECEIVE CONV. —B¥— RECEIVE CONV. — 
PERIOD A PERIOD B 


asynchronous operation — more than one transmit frame sync occurring between two receive frame 
syncs 


When incrementally adjusting the conversion period via the A + A’orA — A’ register options, a specific 
protocol is followed. For both transmit and receive conversion periods, the incremental conversion period 
adjustment is performed near the end of the conversion period. The command to use the incremental 
conversion period adjust options is sent to the AIC during a FSX frame sync. The ongoing transmit conversion 
period is then adjusted. However, three possibilities exist for the receive conversion period adjustment 
in the diagram as shown in the figure below. If the adjustment command is issued during Transmit 
Conversion Period A, Receive Conversion Period A will be adjusted if there is sufficient time between t1 
and t2. Or, if there is not sufficient time between t1 and t2, Receive Conversion Period B will be adjusted. 
Or, the receive portion of an adjustment command may be ignored if the adjustment command is sent 
during a receive conversion period, which is already being or will be adjusted due to a prior adjustment 
command. For example, if adjustment commands are issued during Transmit Conversion Periods A, B, 
and C, the first two commands may cause Receive Conversion Periods A and B to be adjusted, while the 
third receive adjustment command is ignored. The third adjustment command is ignored since it was issued 
during Receive Conversion Period B, which already will be adjusted via the Transmit Conversion Period B 
adjustment command. 


| | | | 
Ke TRANSMIT CONV. -4@- TRANSMIT CONV. -O4@ TRANSMIT CONV. - 
PERIOD A PERIOD B PERIOD C 
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FSR | | | | | | 
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asynchronous operation — more than one set of primary and secondary DX serial communication 
occurring between two receive frame sync (see AIC DX Data Word Format section) 


The TA, TA’, TB, and control register information that is transmitted in the secondary communications 
is always accepted and is applied during the ongoing transmit conversion period. If there is sufficient time 
between t1 and t2, the TA, RA’, and RB register information, which is sent during Transmit Conversion 
Period A, will be applied to Receive Conversion Period A. Otherwise, this information will be applied during 
Receive Conversion Period B. If RA, RA’, and RB register information has already been received and is 
being applied during an ongoing conversion period, any subsequent RA, RA’, or RB information that is 
received during this receive conversion period will be disregarded (see diagram below). 


ty 


PRIMARY SECONDARY PRIMARY SECONDARY PRIMARY SECONDARY 2 
FSX ” 
~ 
® 
TRANSMIT | TRANSMIT | TRANSMIT | o 
\¢———— CONVERSION} CONVERSION 9} —— CONVERSION —————_> wre 
PERIOD A PERIOD B PERIOD C op) 
G 
to visas! 
O 
FSR 


RECEIVE CONVERSION 


; | 
N | PERI ————--- -—-—> 
PERIOD A aT ATS Rca Re AR RECEIVE CONVERSION PERIOD B 
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test modest 


The following paragraph provides information that allows the TLC32045 to be operated in special test 
modes. These test modes are used by Texas Instruments to facilitate testing of the device during 
manufacturing. They are not intended to be used in real applications, however, they allow the filters in 
the A/D and D/A paths to be used without using the A/D and D/A converters. 


In normal operation, the nonusable (NU) pins are left unconnected. These NU pins are used by the factory 
to speed up testing of the TLC32045 Analog Interface Circuit (AIC). When the device is used in normal 
(non-test mode) operation, the NU pin (pin 1) has an internal pull-down to —5 V. Externally connecting 
O Vor 5 Vtopin 1 puts the device in test-mode operation. Selecting one of the possible test or NU modes 
is accomplished by placing a particular voltage on certain pins. A description of these modes is provided 
in Table 2 and Figures 1 and 2. 


' TABLE 2. LIST OF TEST MODES 


D/A PATH TEST (PIN 1 to 5 V) A/D PATH TEST (PIN 1 to 0) 
TEST FUNCTION TEST FUNCTION 


The low-pass switched-capacitor filter clock is brought The bandpass switched-capacitor filter clock is brought 
out to pin 5. This clock signal is normally internal. 


brought out to pin 11. 
3 The pulse that initiates the D/A conversion is brought 
Se ee 


27 and 28 | There are no test output signals provided on these pins. 


out to pin 5. This clock signal is normally internal. 


The pulse that initiates the A/D conversion is brought 
out here. This signal is normally internal. 


No change from normal operation. The EODR signal is 


brought out. 
The outputs of the A/D path low-pass or bandpass filter 
(depending upon control bit d2 — see AIC DX Data 
Word Format section) are brought out to these pins. If 


the high-pass section is inserted, the output will have a 
(sinx)/x droop. The slope of the droop will be determined 
by the ADC sampling frequency, which is the high-pass 


section clock frequency (see diagram of bandpass or 


low-pass filter test for receive section). These outputs 
will drive small (30-pF) loads. 


D/A PATH LOW-PASS FILTER TEST; PIN 13 (WORD/BYTE) to -—5 V 
TEST FUNCTION 
I5 and 16 The inputs of the D/A path low-pass filter are brought out to pins 15 and 16. The D/A input to this filter is removed. 
If the (sin x)/x correction filter is inserted, the OUT + and OUT -— signals will have a flat response (see Figure 2). The 


common-mode range of these inputs must not exceed +0.5 V. 


T In the test mode, the AIC responds to the setting of Pin 13 to —5 V, as if Pin 13 were set to O V. Thus, the byte mode is selected 
for communicating between DSP and AIC. Either of the path tests (D/A or A/D) can be performed simultaneously with the D/A low-pass 
filter test. In this situation, Pin 13 must be connected to —5 V, which initiates byte-mode communications. 
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PIN 27 (POSITIVE), 
PIN 28 (NEGATIVE)? 


TEST CONTROL 
(PIN 1 AT O V) 


FILTER 


2 
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FIGURE 1. BANDPASS OR LOW-PASS FILTER TEST FOR RECEIVER SECTION 


FILTER 


(Sin x)/x 
CORRECTION 


__ TEST CONTROL 
(PIN 13 at —5 V) 


PIN 16 (POSITIVE), 
PIN 15 (NEGATIVE)? 


FIGURE 2. LOW-PASS FILTER TEST FOR TRANSMIT SECTION 


TAIl analog signal paths have differential architecture and hence have positive and negative components. 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supry VOlneme. Vier 1 1S6R MOG: 1505... 6. o.8 cas Go ete eT ea a —-0.3 Vto 15 V 
RFI WECM EN aiee bot c ieeee  Ds SBP Sep PRS oe Ce kena Di ie ee Sha abe —03°V- to 15 V 
PGi MG TES ay it a ge kt. 5.4 ae eee es 4 SGueeM TY Gala gee -~0.3 V to16-V 
Mae UN Pee | tm ee ten ae) BAS Oe eet Ls (oe at ots 5 eh ah Gals e -S — 0:3 V to. 16-V 
Santee CRN MOMNDOG srr sy cea ce ve ee PDs so. cg ep ee Oe ce -0:3 V to 15 V 
Operating free-air temperature range: TLC32045|1 ......................0.. —- 40°C to 85°C 

Th Ue Ss s-F GSS ae ee Ce ea OPC: to: 7O°E 
Sir eee temrereture TONGS io. Sis ee a eS oo be —40°C to 125°C 
Cagenenmerature tor +O seconds’. FM pecksoes. 5. 22.555 00. ioe eee 2 es es 260°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: N package ............ 260°C 


NOTE 1: Voltage values for maximum ratings are with respect to VCC -. 


recommended operating conditions 


Supply voltage, Vcc + (see Note 2) 
Supply voltage, Vcc — (see Note 2) 
Digital supply voltage, Vpp (see Note 2) 


s}a9y4S F1ed Bw 


High-level input voltage, Vip 
Low-level input voltage, Vj, (see Note 3) 


: : TLC32045I - 40 85 
Operating free-air temperature, TA TLC32045C 


NOTES: 2. Voltages at analog inputs and outputs, REF, Vcc +, and Vcc —, are with respect to the ANLG GND terminal. Voltages at 
digital inputs and outputs and Vpp are with respect to the DGTL GND terminal. 

3. The algebraic convention, in which the least positive (most negative) value is designated minimum, is used in this data sheet 
for logic voltage levels and temperature only. 

4. The bandpass switched-capacitor filter (SCF) specifications apply only when the low-pass section SCF clock is 288 kHz and 
the high-pass section SCF clock is 8 kHz. If the low-pass SCF clock is shifted from 288 kHz, the low-pass roll-off frequency 
will shift by the ratio of the low-pass SCF clock to 288 kHz. If the high-pass SCF clock is shifted from 8 kHz, the high-pass 
roll-off frequency will shift by the ratio of the high-pass SCF clock to 8 kHz. Similarly, the low-pass switched-capacitor filter 
(SCF) specifications apply only when the SCF clock is 288 kHz. If the SCF clock is shifted from 288 kHz, the low-pass roll-off 
frequency will shift by the ratio of the SCF clock to 288 kHz. 

5. This range applies when (IN+ — IN—) or (AUX IN+ — AUX IN-) equals +6 V. 
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electrical characteristics over recommended operating free-air temperature range, VCC + = 5 V, 
Vcc-— = -—5V. Vpp = 5 V (unless otherwise noted) 


total device, MSTR CLK frequency = 5.184 MHz, outputs not loaded 


Vop = 4.75V, lo, = 2mA 
lcc + Supply current from Vcc + 


nee f ee oe 
Icc — Supply current from Vcc — TLC32045C 
| Supply current from V f = 5.184 MHz 
DD DD MSTR CLK 


Temperature coefficient of 
a 
Vref internal reference voltage 
fo Output resistance at REF oe eer 


receive amplifier input 


PARAMETER TEST CONDITIONS MIN TYPt MAX UNIT 
A/D converter offset error (filters in) A eer ns ee 10 75 


Common-mode rejection ratio at IN+, IN-, 
CMRR See Note 6 
or AUX IN+, AUX IN —- : 


Input resistance at IN+, IN- Ko 
or AUX IN+, AUX IN-, REF 
transmit filter output 


PARAMETER TEST CONDITIONS MIN TYPT MAX UNIT 
Output offset voltage at OUT + or OUT — 
Voo mV 
(single-ended relative to ANLG GND) 
Maximum peak output voltage swing across Ri = 300 Q, 
Vom : +3 V 
Ry at OUT + or OUT — (single-ended) Offset voltage = O 
Maximum peak output voltage swing between 
Vola tao ee He : RL > 6002 | V 
OUT + and OUT -— (differential output) 


TAIl typical values are at Ta = 25°C. 
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NOTE 6: The test condition is a O-dBm, 1-kHz input signal with an 8-kHz conversion rate. 


TEXAS ¥i 2-329 
INSTRUMENTS 


POST OFFICE BOX 655012 © DALLAS, TEXAS 75265 


TLO320451, TLC32045C 
VOICE-BAND ANALOG INTERFACE CIRCUITS 


electrical characteristics over recommended operating free-air temperature range, VCC + = 5 V, 
Vcc-— = -5V, Vpp = 5 V (unless otherwise noted) 


system distortion specifications, SCF clock frequency = 288 kHz 


PARAMETER 
Attenuation of second harmonic of Vin = —0.1 dB to — 24 dB referred to Vref, 
Attenuation of third and higher Vin = —0.1 dB to —24 dB referred to Vref. 

Vin = —0 dB to — 24 dB referred to Vref, 

Vin = —0 dB to — 24 dB referred to Vref, 


A/D channel signal-to-distortion ratio 


Attenuation of second harmonic of 


D/A input signal 
Attenuation of third and higher 


harmonics of D/A input signal 


sja9us eleg B® 


A/D channel signal-to-distortion ratio 


D/A channel signal-to-distortion ratio 


TEST CONDITIONS 
PARAMETER MIN MAX UNIT 
(see Note 7) 


35 
29 
23 


T All typical values are at Ta = 25°C. 

t A, is the programmable gain of the input amplifier. 

8 A value >55 is over range and signal clipping occurs. 

NOTE 7: The test condition is a 1-kHz input signal with an 8-kHz conversion rate (O dB relative to Vref). The load impedance for the DAC 
is 600 Q. 
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electrical characteristics over recommended operating free-air temperature range, VCC + = 5 V, 
Vcc-— = -5V. Vpp = 5 V (unless otherwise noted) 


gain and dynamic range 


PARAMETER TEST CONDITIONS MIN TYPt MAX UNIT 


Absolute transmit gain tracking error while transmitting —42 dB to O dB signal range, +£0.05 +0.15 
into 600 2 See Note 8 wie es 
: : —42 dB to O dB signal range, 
Absolute receive gain tracking error +0,05.+0.45 
See Note 8 


power supply rejection and crosstalk attenuation 


f = Oto 30 kHz 
f = 30 kHz to 50 kHz 
f = Oto 30 kHz 


(single-ended) f = 30 kHz to 50 kHz 


Crosstalk attenuation, transmit-to-receive (single-ended) 


TAIl typical values are at TA. =.25.°C. 
NOTE: 8. Gain tracking is relative to the absolute gain at 1 kHz and O dB (0 dB relative to Vref). 


Idle channel, supply signal 
Vcc+ or Vcc -— supply voltage 


OR ; at 200 mV p-p measured 
rejection ratio, receive channel 


at DR (ADC output) 
Idle channel, supply signal 


Vcc+ or Vcc — supply voltage 


rejection ratio, transmit channel 


at 200 mV p-p measured 
at OUT + 


Data Sheets 


TEXAS ip 2-331 


INSTRUMENTS 


POST OFFICE BOX 655012 * DALLAS, TEXAS 75265 


2 


s1a9uUS e}eG 


TLO320451, TLC32045C 
VOICE-BAND ANALOG INTERFACE CIRCUITS 


delay distortion 


bandpass filter transfer function, SCF fclock = 288 kHz IN+ — IN—- is a +3 V sinewavet 
(see Note 9) 


FREQUENCY 
PARAMETER | TEST CONDITION RANGE ADJUSTMENT ADDEND?# MIN TYPS MAX | UNIT 


f < 50 Hz Ki x-0:-dB 


Gain relative to 
gain at 1 kHz Input signal 
(except passband] reference is O dB 


ripple (see Note 9) f = 3800 Hz K1 x 2.3 dB -5 -3 -1 
specification) f = 4000 Hz K1 x 2.7 dB -20.-17 
f = 4400 Hz K1 x 3.2 dB 


PARAMETER 


Gain relative to 


FREQUENCY 
TEST CONDITION RANGE ADJUSTMENT ADDEND?* MIN TYPS MAX | UNIT 


f = 0 Hz to 3100 Hz K1 x 0 dB ~0.25 0 0.25 - 


ae cote 
[r= 3300H2 0 3650H2 | _Kix0d8—~« 08 008 | 
=i Gait = 8 
asf ee ee ee Ca See a 


gain at 1 kHz Input signal 
reference is O dB 


(see Note 9) 


(except passband 
ripple 
specification) 


serial port 


PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT 


yo mene A | ec ase ee es eae 
CREA, Cio) eee ee Ree Cea Fes ee es 
i Gaeeage fe a ge ees a eee ee 


T See filter curves in typical characteristics. 

+The MIN, TYP, and MAX specifications are given for a 288-kHz SCF clock frequency. A slight error in the 288-kHz SCF may result from 
inaccuracies in the MSTR CLK frequency, resulting from crystal frequency tolerances. If this frequency error is less than 0.25%, the 
ADJUSTMENT ADDEND should be added to the MIN, TYP, and MAX specifications, where K1 = 100 « [(SCF frequency — 288 kHz)/ 
288 kHz]. For errors greater than 0.25%, see Note 10. 

8 All typical values are at Ta = 25°C. 

NOTES: 9. The filter gain outside of the passband is measured with respect to the gain at 1 kHz. The filter gain within the passband 
is measured with respect to the average gain within the passband. The passbands are 150 to 3600 Hz and O to 3600 Hz 
for the bandpass and low-pass filters respectively. 

10. For switched-capacitor filter clocks at frequencies other than 288 kHz, the filter response is shifted by the ratio of switched- 
capacitor filter clock frequency to 288 kHz. 
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operating characteristics over recommended operating free-air temperature range, VCC + = 5 V, 
Vcc- = -5V,Vpp =5V 


noise (measurement includes low-pass and bandpass switched-capacitor filters) 


PARAMETER TEST CONDITIONS TYyPt MAX UNIT 
with (sin x)/x correction 
Transmit noise 


without (sin x)/x correction 


timing requirements 


serial port recommended input signals 


72) 
pe 
® 
® 
fons 
ep) 
© 
vo) 
4°) 
a) 


T All typical values are at Ta = 25°C. 
NOTES: 11. The noise is computed by statistically evaluating the digital output of the A/D converter. 
12. RESET pulse duration is the amount of time that the reset pin is held below 0.8 V after the power supplies have reached 
their recommended values. 
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operating characteristics over recommended operating free-air temperature range, VCC + = 5 V, 
Vcc-— = -5V. Vpp = 5 V (continued) 


serial port — AIC output signals 


PARAMETER MIN MAX 
Picci Shi alock ISCLR) aycle time 


tHiSCLK Shift clock (SCLK) fall time 


td(CH-FL Delay from SCLKT to FSR/FSX4 
td(CH-FH Delay from SCLKT to FSR/FSXt 


tdiCH-DR DR valid after SCLKT 
tdw(CH-EL) Delay from SCLKT to EODX/EODR in word mode 
tdwi(CH-EH) Delay from SCLKT to EODX/EODR? in word mode 
[Pies Sorel, 221] See pM De aa en RASS cc ae see vies JEM 


Delay from SCLKT to EODX/EODRT in byte mode 


0 
® 
= 
® 
2) 
> 
4°) 
4) 
“ 
” 


TABLE 2. GAIN CONTROL TABLE 
(ANALOG INPUT SIGNAL REQUIRED FOR FULL-SCALE A/D CONVERSION) 


CONTROL REGISTER BITS A/D CONVERSION 
INPUT CONFIGURATIONS ANALOG INPUTt 
Ce Oo ee RESULT 
Differential configuration 1 1 tie Vv full-scale 
Analog input= IN+ — IN- 6) ¢) 
Fes Ge Be SS 


= AUX IN+ — AUX IN- full-scale 


Single-ended configuration 
Analog input= IN+ — ANLG GND 
= AUX IN+ — ANLG GND 


o-={— 


Tin this example, Vref is assumed to be 3 V. In order to minimize distortion, it is recommended that the analog input 
not exceed 0.1 dB below full scale. 


—s 


Rfb Rfb 
IN + : AUX IN+ 
R > TO MUX R > TO MUX 
IN — \ AUX IN- \ 
Rtb Rfb 
Rfh = R for d6 = 1, d7 = 1 Rfh = R for d6 = 1,d7 = 1 
d6. = 0,d7 = 0 d6 = 0,d7 = 0 
Rfh = 2R for d6 = 1,d7 = O Rfp = 2R for d6 = 1,d7 = 0 
Rfp = 4R for d6 = 0, d7/ = 1 Rfh = 4R for d6 = 0, d7 = 1 
FIGURE 3. IN+ AND IN—- GAIN FIGURE 4. AUX IN+ AND AUX IN- 
CONTROL CIRCUITRY GAIN CONTROL CIRCUITRY 
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(sin x)/x correction section 


If the designer does not wish to use the on-board second-order (sin x)/x correction filter, correction can 
be accomplished in digital signal processor (DSP) software. (Sin x)/x correction can be accomplished easily 
and efficiently in digital signal processor (DSP) software. Excellent correction accuracy can be achieved 
to a band edge of 3000 Hz by using a first-order digital correction filter. The results, which are shown 
below, are typical of the numerical correction accuracy that can be achieved for sample rates of interest. 
The filter requires only seven instruction cycles per sample on the TMS320 DSPs. With a 200-ns instruction 
cycle, nine instructions per sample represents an overhead factor of 1.4% and 1.7% for sampling rates 
of 8000 Hz and 9600 Hz, respectively. This correction will add a slight amount of group delay at the upper 
edge of the 300— 3000-Hz band. 


2 


(sin x)/x roll-off for a zero-order hold function 


The (sin x)/x roll-off for the AIC DAC zero-order hold function at a band-edge frequency of 3000 Hz for 
the various sampling rates is shown in the table below. 


TABLE 3. (sin x)/x ROLL-OFF 


sin a f/f, 
m f/f, 
(f = 3000 Hz) 
(dB) 


20 log 
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Note that the actual AIC (sin x)/x roll-off will be slightly less than the above figures, because the AIC has 
less than a 100% duty cycle hold interval. 


correction filter 
To compensate for the (sin x)/x roll-off of the AIC, a first-order correction filter shown below, is 
recommended. 


U(i + 1) Y(i+ 1) 


(Te plie2 


pi 


The difference equation for this correction filter is: 
Yi+ 1 = p2(1—p1) (uj+14)+Pp1 yj 

where the constant p1 determines the pole locations. 
The resulting squared magnitude transfer function is: 


p22 (1—p1)2 


1 La aa leans 2 AJB Lee a 
1 — 2p1 cos(2 x f/fs) + p12 
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correction results 


Table 4 below shows the optimum p values and the corresponding correction results for 8000-Hz and 
9600-Hz sampling rates. 


TABLE 4 


ERROR (dB) ERROR (dB) 

fs = 8000 Hz fs = 9600 Hz 
pl = -0.14813 | p1 = -0.1307 
p2 = 0.9888 p2 = 0.9951 


s1aeys beg He) 


TMS320 software requirements 


The digital correction filter equation can be written in state variable form as follows: 
Y = k1Y +k2U 


where k1 equals p1 (from the preceding page), k2 equals (1 —p1)p2 (from the preceding page), Y is the 
filter state, and U is the next I/O sample. The coefficients k1 and k2 must be represented as 16-bit integers. 
The SACH instruction (with the proper shift) will yield the correct result. With the assumption that the 
TMS320 processor page pointer and memory configuration are properly initialized, the equation can be 
executed in seven instructions or seven cycles with the following program: 


ZAC 

LT K2 

MPY U 

LTA K1 

MPY Y 

APAC 

SACH (dma), (shift) 
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byte-mode timing 


me tH(SCLK) = > tr(SCLK) }¢+—>+ tc(SCLK) 
SHIFT CLK 2Vv ie 2Vv 2Vv 2Vv 2Vv 2Vv 
0.8 V | | 0.8 Vv | | | 
td(CH-FL)-» ‘al | | —>| ke td(CH-FH) —> ke- td(CH-FL) td(CH-FH}| ke 
| \! | \ 
te : 


eed 
| ie td(CH-DR) 
12 Vv 


| 
| 
| | 
DR D15 O19) 09 fess ecge OS tf pr Oey 62 \01: _ Do | 
0.8 V | | 
tsu(DX)— ke | : 
| | 
DON'T CARE 
Dx (015 J014f 013X v9 J oe | (07 f_06 X 02 X 01 J bo ) ” 
7 _ 
—H le thiDx) jet | 
4 Ie tdb(CH-EL) tdb(CH-EH}| je ® 
EODR, EODX ves ee ed rt D 
- j j 
word-mode timing ® 
© 
e+ te(SCLK) Oo 
| 
SHIFT CLK a ee | ! 2v 1 
| 0.8 V | O8v O8V | 
— Ce | | 
: ! : 
| 


! 
ay, | 
: td(CH-FH)— ke 
| 2 


eT eee | | 
FSX, FSR 0.8 ae | SE ree: ; 
—_—___— 


| 
| | 
| 
| 


| 
| > -td(CH-DR) l 
pris Xora X13 Xor2zX oii pz \ 01 0 | 
| 
tsu(DX)- ke ! . 
| 
DON'T CARE 
Dx (015X014 fois hoz} 011 02 01 f do }— 
| | 
| | 
t 
—> fe *hiDX) tdw(CH-EL)-{ & 4 ke tdwiCH-EH) 
| 
2Vv 
EODX, EODR ol 


FIGURE 5. SERIAL PORT TIMING 
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TMS32010 


SN74LS299 


TLC32045 
AO/PAO 


A1/PA1 
A2/PA2 


SHIFT CLK 


sjaeus eleg HS) 


CLK OUT 
INT 


FIGURE 6. TMS32010/TMS320C15-TLC32045 INTERFACE CIRCUIT 


in instruction timing 


CLK OUT 
| 
SEN 
so, G1 | 


out instruction timing 


CLK OUT | | | | 


| 
WE ! | 
i 
SN74LS138 Y1 | | 
| 


SN74LS299 CLK | 


DO-D15 VALID 


FIGURE 7. TMS32010/TMS320C15-TLC32045 INTERFACE TIMING 
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TYPICAL CHARACTERISTICS 


AIC TRANSMIT AND RECEIVE LOW-PASS FILTER AIC TRANSMIT AND RECEIVE LOW-PASS FILTER 


3 


SCF clock f = 288 kHz 


Ta = 25°C 
2.5+ Input = +3-V sinewave 


Bite 
° i 
| 
® > 
3 3 1.5 2 
5 S 
S S pe 
geo. ~ 
® 
r= 
0.5 
Ta = 25° (Se abe Pain v3 
Input = +3-V sinewave & 
rors. Fs ee C2 26 8S. 3.5 eh £5: 8 G.56.5° Bene > 2.528 2 i3.& eases S& O 
Normalized Frequency —kHz x 22f Clock Frequency Normalized Frequency —kHz x SCF Clock Frequency 
288 kHz 288 kHz 
FIGURE 8 FIGURE 9 
AIC RECEIVE-CHANNEL BANDPASS FILTER AIC RECEIVE-CHANNEL HIGH-PASS FILTER 
20 20 
Pt bach sckaga = aie’ |) | 
10 = rol TA = 25°C 
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TLO320451, TLC32045C | 
VOICE-BAND ANALOG INTERFACE CIRCUITS 


TYPICAL CHARACTERISTICS 


AIC RECEIVE CHANNEL BANDPASS FILTER AIC (SIN X)/X CORRECTION FILTER 


ea 2s a ears (eam Fal 
Low-pass SCF clock f = 288 kHz 
High-pass SCF clock f = 8 kHz 


Ta = 25°C Input = +3-V sinewave 
Input = +3-V sinewave ce, Pea 
; ee BS) ae 
f : 
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FIGURE 12 ene 
FIGURE 13 
(SIN X)/X CORRECTION FILTER A/D SIGNAL-TO-DISTORTION RATIO 
vs 
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TLO320451, TLC32045C 
VOICE-BAND ANALOG INTERFACE CIRCUITS 


TYPICAL CHARACTERISTICS 


A/D GAIN TRACKING 
(GAIN RELATIVE TO GAIN AT O dB INPUT SIGNAL) 
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TLO320451, TLC32045C 
VOICE-BAND ANALOG INTERFACE CIRCUITS 


TYPICAL CHARACTERISTICS 


D/A GAIN TRACKING A/D SECOND HARMONIC DISTORTION 
(GAIN RELATIVE TO GAIN vs 
AT O dB INPUT SIGNAL LEVEL) INPUT SIGNAL 
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TLC320451, TLC32045C 


VOICE-BAND ANALOG INTERFACE CIRCUITS 


TYPICAL CHARACTERISTICS 


A/D THIRD HARMONIC DISTORTION 
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TLC320451, TLO32045C 
VOICE-BAND ANALOG INTERFACE CIRCUITS 


TYPICAL APPLICATION INFORMATION 


™MS32020/C25 TLC32045 
+5 V 
Cc is 
BAT 42? 
+5 V 


C = 0.2 uF, CERAMIC 


FIGURE 23. AIC INTERFACE TO THE TMS32020/C25 SHOWING DECOUPLING CAPACITORS AND 
SCHOTTKY DIODET 


Vcc 


s}aaus ejeg BS 


3-V OUTPUT 


TL431 


FOR: Vcc = 12 V,R = 7200 2 
Vcc = 10 V, R = 5600 2) 
Vcc = 5V,R = 16002 


FIGURE 24. EXTERNAL REFERENCE CIRCUIT FOR TLC32045 


TThomson Semiconductors 
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Advanced LinCMOS™ DUAL 8-BIT MULTIPLYING 
DIGITAL-TO-ANALOG CONVERTER 


D3198, JANUARY 1989 


Advanced LinCMOS”™ Silicon-Gate N PACKAGE 
Technology (TOP VIEW) 


Easy Microprocessor Interface 
On-Chip Data Latches 


Digital Inputs are TTL-Compatible with 
10.8-V to 15.75-V Power Supply 


@ Monotonic Over the Entire A/D Conversion 
Range 


@ Designed to be Interchangeable with Analog 
Devices AD7628 


@ Fast Control Signaling for Digital Signal 


Processor Applications Including Interface FN PACKAGE 
with TMS320 (TOP VIEW) 
{an 

[KEY PERFORMANCE SPECIFICATIONS | P5E58 

LL 

KEY PERFORMANCE SPECIFICATIONS nates 

Resolution 8 bits 8S 0 UR fy ae = 

ae SE 


Linearity Error 1/2 LSB 
Power Dissipation at Vpp = 15 V 15 mw REFA [J 4 18\] REFB 
Settling Time at Vpp = 5 V 100 ns DGND[J5 17M VoD 
Propagation Delay at Vpp = 5 V 80 ns DACA/DACB JJ 6 16] WR 
(MSB)DB7 [J ? is} Cs 


description ; DB6 {J8 14(] DBO(LSB) 
9 
The AD7628 is a dual 8-bit digital-to-analog soa 8 ess ene Bae aes 
converter designed with separate on-chip data re BE fap es 
Qq0q000 


latches and featuring excellent DAC-to-DAC 
matching. Data is transferred to either of the two 
DAC data latches via a common 8-bit input port. 
Control input DACA/DACB determines which 
DAC is loaded. The ‘‘load’’ cycle of the 
AD7628 is similar to the ‘‘write’’ cycle of a random-access memory, allowing easy interface to most popular 
microprocessor busses and output ports. Segmenting the high-order bits minimizes glitches during changes 
in the most significant bits, where glitch impulse is typically the strongest. 


The AD7628 operates from a 10.8-V to 15.75-V power supply and is TTL-compatible over this range. 
Power dissipation is less than 15 mW. Excellent 2- or 4-quadrant multiplying makes the AD7628 a sound 
choice for many microprocessor-controlled gain-setting and signal-control applications. 


The AD7628B is characterized for operation from —25°C to 85°C. The AD7628K is characterized for 
operation from O°C to 70°C. 


AVAILABLE OPTIONS 


SYMBOLIZATION OPERATING 
PACKAGE| TEMPERATURE 
DEVICE 
SUFFIX RANGE 
AD7628B FN, N =—26°C. to 85°C 
AD7628K FN, N O°C to: 70°C 


Advanced LinCMOS is a trademark of Texas Instruments Incorporated. 


PRODUCT PREVIEW information concerns products = Copyright © 1989, Texas Instruments Incorporated 
in the formative or design phase of development. | 

aaron data and other cca are = TEXAS 

goals. Texas Instruments reserves the right to change 

or discontinue these products without notice. INST RUM ENTS 
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AD7628 
Advanced LinCMOS™ DUAL 8-BIT MULTIPLYING 
DIGITAL-TO-ANALOG CONVERTER 


functional block diagram 


(14) 


Oo 
ow 
i) 


REFA 
RFBA 


rs 
° OUTA 
DATA . INPUT 
INPUTS Fs BUFFER 
wo 
pB7 !7) AGND 
RFBB 
UPL OUTB 
DACA/DACB 


| (45) | CONTROL 


aD 
m 
nn 
wo 


operating sequence 


a lt ——— tsuics) ——}e— 4+ tics) 
S s | : 

S cs | 

© 

as kt ———tsu(Dac) $+ (DAC) 
0 | , 

o DACA/DACB | 

< 

a t—twiwr) I 

= 2 | 

, aie 


Ke tsu0) pled thio) 
DBO-DB7 DATA IN STABLE 
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AD7628 
Advanced LinCMOS™ DUAL 8-BIT MULTIPLYING 
DIGITAL-TO-ANALOG CONVERTER 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage, Vp (to: Aish Ot amen) ee oe Sea ea ee —O'3'V to 17 V 
MOUSE DEUMGEN 2 ACOINL GING Ries crutch cc tesce sa ssl gee 3c od We dee Obie Hn, cee Vop SaaS MED KES pep +Vpp 
rime wOaee, Vl atsON) ett es eee os ks aps ala Ses EE pee eae -0.3 V to Vpp +0.3:V 
PeLeUeNCe Voidae a vrei. OF Vratee Atte). oie kon eed wjatecat ee als eos. ee sees Ge ER + 25 / 
PeCumack VOrtiie tea ON rer ats AROUAAGIING)) |. as ba sae pe a ee YE $25 V 
Grertestit VGiteIe, cu Py A Ot -V ()P MUO rILT) ak.) ss ade eye es Abas Pit Sa ete eee 25° 
CoS ce aR: 005%: oii ina ARRAS RAs ee EE SS Ey ON BRR ARE] Fs Gl eee BRB at? tad" nee or 10 pA 
Operating free-air temperature range: AD7628B ................ 000-000 ee —~25°C to. 85°C 

PIT phe see tek 5 chad 5 ¥i ace aw ck hb. sic een ae aD O°C te: 70° 
trea: TEMGratlit SANE ooi7 oh sal.» Appar ied k eeeTe ee PA eek ee he ~65°C. to 15076 
Case.temperature tor 10 seconds: FN package 2.3 fe ie ee ee te pe es we ee 260°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: N package ............ 260°C 


recommended operating conditions 


Low-level input voltage, Vj, 


3 


CS setup time, tsyics 
CS hold time, thics 


BSE eR NEC 2) Eee aia cee Leelee setae Reine Seep aR ek Snot 
DAC select hold time, thipAc 


; ’ AD7628B -25 85 
Operating free-air temperature, Ta i 


AD7628K 0 70 
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AD7628 
Advanced LinCMOS™ DUAL 8-BIT MULTIPLYING 
DIGITAL-TO-ANALOG CONVERTER 


electrical characteristics over recommended ranges of operating free-air temperature and Vpp, 
VrefA = VrefB = 10 V, VOA and Vop at O V (unless otherwise noted) 


PARAMETER TEST CONDITIONS | MIN MAX | UNIT 


‘ , Full Range 10 
iH ~=- High-level input current Vi = Vpb pA 
; Full Range 
Hie Low-level input current Vi = 0 
Reference input impedance 
(Pin 15 to GND) 


DAC data latch loaded with + 200 
00000000, Vrefa = +10 V +60]. 
DAC data latch loaded with + 200 
00000000, Vrefgp = +10 V +50 


AV SS aig Full Range 0.02 9% /9% ; 
eter TET pes 


DC supply sensitivity 
Again/AVpp 


IDp Supply current 


3 


OF Input capacitance 


v 

Pe C Output capacitance DAC Data latches loaded with OOOOO0000 P 
Q. e (OUTA, OUTB) DAC Data latches loaded with 11111111 P 
S 

© 

pb 

"~ 

=] 

@ 

<. 

S 

” 
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_AD7628 
Advanced LinCMOS™ DUAL 8-BIT MULTIPLYING 
DIGITAL-TO-ANALOG CONVERTER 


operating characteristics over recommended ranges of operating free-air temperature and Vpp, 
VrefA = VrefB = 10 V, VOA and Vog at O V (unless otherwise noted) 


PARAMETER TEST CONDITIONS MIN TYP MAX UNIT 
ae ls ee OP ee | ae eee 
Setting time (to 1/2 LSB 


Full R 
Gain error See Note 2 
: 
REFA to OUTA Full Range 
AC feedthrough See Note 3 
REFB to OUTB -70 


Temperature coefficient of gain [| ——SSSSOOSSCSCSSC“‘“‘SCS*S~*d 0.0035. | RFSAIC 


Propagation delay (from digital input to 
’ See Note 4 
90% of final analog output current) 


Measured for code transition from 
Digital-to-analog glitch impulse area 00000000 to 11111111, 
Ta = 25°C 
Measured for code transition from 
00000000 to 11111111, 

Ta = 25°C 


NOTES: 1. OUTA, OUTB load = 100 2, Cey¢ = 13 pF; WR and CS at O V; DBO-DB7 at O V to Vpp or Vpp to O V. 

2. Gain error is measured using an internal feedback resistor. Nominal Full Scale Range (FSR) = Vref — 1 LSB. Both DAC latches 
are loaded with 11111111. 
Vref = 20 V peak-to-peak, 10-kHz sine wave. 
VrefA = VrefB = 10 V; OUTA/OUTB load = 100, Cext = 13 pF; WR and CS at 0 V; DBO-DB7 at 0 V to Vpp or Vpp to O V. 
VrefA = 20 V peak-to-peak, 10-kHz sine wave; Vrefp = O. 
VrefB = 20 V peak-to-peak, 10-kHz sine wave; VrefaA = O. 


440 


Digital crosstalk glitch impulse area 


See 


principles of operation 


The AD7628 contains two identical 8-bit multiplying D/A converters, DACA and DACB. Each DAC consists 
of an inverted R-2R ladder, analog switches, and input data latches. Binary-weighted currents are switched 
between DAC output and AGND, thus maintaining a constant current in each ladder leg independent of 
the switch state. Most applications require only the addition of an external operational amplifier and voltage 
reference. A simplified D/A circuit for DACA with all digital inputs low is shown in Figure 1. 


Figure 2 shows the DACA equivalent circuit. A similar equivalent circuit can be drawn for DACB. Both 
DACs share the analog ground pin 1 (AGND). With all digital inputs high, the entire reference current flows 
to OUTA. A small leakage current (I|kg) flows across internal junctions, and as with most semiconductor 
devices, doubles every 10°C. Co is due to the parallel combination of the NMOS switches and has a value 
that depends on the number of switches connected to the output. The range of Co is 25 pF to 60 pF 
maximum. The equivalent output resistance ro varies with the input code from O0.8R to 3R where R is 
the nominal value of the ladder resistor in the R-2R network. 


Interfacing the AD7628 to a microprocessor is accomplished via the data bus, CS, WR, and DACA/DACB 
control signals. When CS and WR are both low, the AD7628 analog output, specified by the DACA/DACB 
control line, responds to the activity on the DBO-DB7 data bus inputs. In this mode, the input latches are 
transparent and input data directly affects the analog output. When either the CS signal or WR signal 
goes high, the data on the DBO-DB7 inputs is latched until the CS and WR signals go low again. When 
CS is high, the data inputs are disabled, regardless of the state of the WR signal. 


The digital inputs of the AD7628 provide TTL compatibility when operated from a supply voltage of 10.8 V 
to 15.75 V. Power dissipation is a low 10 mW within this range. 
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AD7628 
Advanced LinCMOS™ DUAL 8-BIT MULTIPLYING 
DIGITAL-TO-ANALOG CONVERTER 


FIGURE 1. SIMPLIFIED FUNCTIONAL CIRCUIT FOR DACA 


RFBA 


OUTA 


vu FIGURE 2. AD7628 EQUIVALENT CIRCUIT, DACA LATCH LOADED WITH 11111111. 
© 
as MODE SELECTION TABLE 
QO aeepasealia naiiiaess 
DACB 
a L ‘GSEs 
9°) 
Ss. 
S 
” L = low level, H = highlevel, X = don’t care 
TEXAS oy 
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AD7628 
Advanced LinCMOS™ DUAL 8-BIT MULTIPLYING 
DIGITAL-TO-ANALOG CONVERTER 


TYPICAL APPLICATION DATA 


The AD7628 is capable of performing 2-quadrant or full 4-quadrant multiplication. Circuit configurations 
for 2-quadrant and 4-quadrant multiplication are shown in Figures 3 and 4. Input coding for unipolar and 
bipolar operation are summarized in Tables 1 and 2, respectively. 


Vi(A) 
+10 V 


R1 (See Note 1) 
RFBA 


R2 (See Note 1) 


(17) 
V eel —_e— ae — ce —_ ——_ ame —_ a2 ame ieee «=== 
of REFA ot 


(14). DBO 
8 8 

e * INPUT 

3 BUFFER sdb. VoA 
(7) DB7 

j DACA! 

(6) _DACB 
(15) °CS CONTROL C2 (See Note 2) 
(16) "WR LOGIC 

(5) VoB 


= AGND 
R3 (See Note 1) 


Vi(B) 
+10 V 


RECOMMENDED TRIM 
RESISTOR VALUES 
R1, R3 500 2 
R2, R4 150 2 


NOTES: 1. R1, R2, R3, and R4 are used only if gain adjustment is required. See table for recommended values. Make gain adjustment 
with digital input of 255. 
2. C1 and C2 phase compensation capacitors (10 pF to 15 pF) are required when using high-speed amplifiers to prevent ringing 
or oscillation. 


FIGURE 3. UNIPOLAR OPERATION (2-QUADRANT MULTIPLICATION) 
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AD7628 
Advanced LinCMOS™ DUAL 8-BIT MULTIPLYING 
DIGITAL-TO-ANALOG CONVERTER 


TYPICAL APPLICATION DATA 


Vi(A) 
+10 V R6 (See Note 2) 


20 kQ) 
R1 (See Note 1) 
R2 (See Note 1) 


(17) 


I eee oe ee a ae eee pee iors a (See 
YoD Gal bBo REFA | C1(See Note 3) 


Note 2) 


| 8 
« ° INPUT 
TCH 
oh, |e BUFFER LAr 
(7) |} DB7 VOA 


DACA/ 5 ko 
(6) Ipace 
(See 
(15)'CS__| CONTROL Note 2) R8 
(16) | WR LOGIC 
tea 10 ko 
aes Vos 


ND 
(See Note 2) 


3 RECOMMENDED TRIM — 
RESISTOR VALUES +10V 20 kQ = 
a R1, R3 500 2 ViiB) 
re) R2, R4 150 2 
ok 
Cc NOTES: 1. R1, R2, R3, and R4 are used only if gain adjustment is required. See table in Figure 3 for recommended values. Adjust R1 
© for Voa = O V with code 10000000 in DACA latch. Adjust R3 for Vog = O V with 10000000 in DACB latch. 
ot 2. Matching and tracking are essential for resistor pairs R6, R7, RY, and R10. 
"~ 3. C1 and C2 phase compensation capacitors (10 pF to 15 pF) may be required if A1 and A3 are high-speed amplifiers. 
= 
© FIGURE 4. BIPOLAR OPERATION (4-QUADRANT OPERATION) 
9") 
s TABLE 1. UNIPOLAR BINARY CODE TABLE 2. BIPOLAR (OFFSET BINARY) CODE 
7) 


DAC LATCH CONTENTS 
ANALOG OUTPUT 
MSB-isiLSBT 


11111111 —Vj (255/256) 
10000001 — Vj (129/256) 


DAC LATCH CONTENTS 
ANALOG OUTPUT 
MSB-~iLSB* 


11111111 Vj (127/128) 
10000001 Vj (1/128) 
10000000 -Vj (128/256) = —Vj/2 
01111111 —Vj (127/256) 
00000001 —Vj (1/256) 
00000000 —Vj (0/256) = O 


10000000 OV 
01111111 —Vj (1/128) 
00000001 —Vj (127/128) 
00000000 — Vj (128/128) 


tT 1 LSB = (2-8)v; *1LSB = (2-7)V; 
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AD7628 
Advanced LinCMOS™ DUAL 8-BIT MULTIPLYING 
DIGITAL-TO-ANALOG CONVERTER 


TYPICAL APPLICATION DATA 


microprocessor interface information 


Pe) 


ADDRESS 
DECODE 


DATA BUS 


3 


NOTE: A = decoded address for AD7628 DACA. 
A+1 = decoded address for AD7628 DACB. 


FIGURE 5. AD7628 — INTEL 8051 INTERFACE 


ADDRESS 
DECODE 
LOGIC 


Product Previews 


DATA BUS 


NOTE: A = decoded address for AD7628 DACA. 
A+1 = decoded address for AD7628 DACB. 


FIGURE 6. AD7628 — 6800 INTERFACE 
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TYPICAL APPLICATION DATA 


voltage-mode operation 


The AD7628 current-multiplying D/A converter can be operated in a voltage mode. In the voltage mode, 
a fixed voltage is placed on the current output pin. The analog output voltage is then available at the reference 
voltage pin. An example of a current-multiplying D/A converter operating in voltage mode is shown in 
Figure 7. The relationship between the fixed input voltage and the analog output voltage is given by the 
following equation: 


Analog output voltage = fixed input voltage (D/256) 
where D = the digital input. In voltage-mode operation, the AD7628 meets the following specification: 


LINEARITY ERROR 


Analog output voltage for REFA, B 


TEST CONDITIONS MIN TYP MAX | UNIT 
Vpp = 12 V, OUTA or OUTB = 5 V, Ta = 0°C to 70°C 


REF 
(Analog 
output 


3 voltage) 
i © | 
= 
2) 
= OUT (Fixed input 
?) voltage) 
o> 
AGND 
im © | 
© 
<. FIGURE 7. CURRENT-MULTIPLYING D/A CONVERTER OPERATING IN VOLTAGE MODE 
@ 
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TL5501 
6-BIT ANALOG-TO-DIGITAL CONVERTER 


D3163, OCTOBER 1988 


N PACKAGE 
(TOP VIEW) 


6-Bit Resolution 
0.8% Linearity 


; ? (LSB) DOL}1 161 ]GND 
Maximum Conversion Rate . .. 25 MHz Typ 


20 Miz Min D203. = 14[JANLG Vcc 
@ Analog Input Voltage Range... D3LJ4 13{]REFB 
Vcc to Vcc -2V D4[]5 = 12[ JANLG INPUT 


@ Analog Input Dynamic Range...1V cLKM? 1oL JANLG Vcc 
@ TTL Digital 1/O Level GND[]j8 9| JDOGTL Vcc 
@ Low Power Consumption . .. 200 mW Typ 
@ 5-V Single-Supply Operation 
@ Interchangeable with Fujitsu MB40576 

description 


The TL5501 is a low-power ultra-high-speed video-band analog-to-digital converter that uses the Advanced 
Low-Power Schottky (ALS) process. It utilizes the full-parallel comparison (flash method) for high-speed 
conversion. It converts wide-band analog signals (such as a video signal) to a digital signal at a sampling 
rate of dc to 25 MHz. Because of such high-speed capability, the TL5501 is suitable for digital video 
applications such as digital TV, video processing with a computer, or radar signal processing. 


3 


The TL5501 is characterized for operation from O°C to 70°C. > 
functional block diagram oo 
> 
® 
dee 
CLK ——————-— 2 : x Serna ty 0 a. 
ANLG INPUT ted 
O 
REFT pee | 
és Tb 
HN, ——- D5 (MSB) © 
% O.. 
D4 
fey 
a> 203 
= 63-T0-6 nic ay 
ENCODER AN? 
BUFFER D2 
"? | re 
> D1 
8 
R DO (LSB) 
| 
® 
R 
REFB 
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TL5501 
6-BIT ANALOG-TO-DIGITAL CONVERTER 


RTA ERLE EL ELI I LOE IEE OTS EIEN SEE LI IEG TT FLEE NS ARETE EO oT NE LEI EET BE BT PP FE I LOTTI EN I ER ETE SR ILA TS Fe LD SR REI TEL IE ER DIED TD 
equivalents of analog input circuit 


ANLG Vcc 


(See Note A) 


NOTE A: Cj — nonlinear emitter-follower junction capacitance 

3 Rj; — linear resistance model for input current transition caused by comparator switching. Vj < Vre¢p: Infinite; CLK high: Infinite. 
VrefB — voltage at REFB terminal 
Ibias — Constant input bias current 

i © | D — Base-collector junction diode of emitter-follower transistor 

) 

Q equivalent of digital input circuit 

©) 

~- 

el DGTL Vcc 

= 

@ 

= 

: 

” 


OUTPUT 
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TL5501 
6-BIT ANALOG-TO-DIGITAL CONVERTER 


FUNCTION TABLE 


DIGITAL OUTPUT 
CODE 


t These values are based on the assumption that 
VrefB and Vreft have been adjusted so that the 
voltage at the transition from digital O to 1 (VzT) 
is 4.000 V and the transition to full scale (VFT) is 
4.992 V. 1 LSB = 16 mV. 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


SEP UO nce nanMe: NN tar ele no cate as en ae ees eee -0.5Vto7V 3 
SNe te FeCe. Liki LS WE, ou doce as hee ae keh ee be Dew ie ee ee AO Sew Osta 
itt CN LOS RArClIOr Me Cin IENAE WB gcc c so eon xl gos a “e Wod gfe ew abe oakte ore, keno elk ee =O: 52V. to-7¥ 
input voltage-tange et anaioginput, Vi. vy BNA oe ae ee -0.5 V to ANLG Vcgq@+90.5 V 
Analog reference voltage range, Vref.............-. eee eee eee —0.5 V to ANLG Vcc +0.5 V 
Ey OG Reatees PcennT ME IRL OLae EINEM ToS nor g's nucleate ao eather nck,» ok non OS sea eoaeie Sak te WO POO ks 
LARA itOG- Atl tel Gm an ICG I NICO oF 6 he caters by. hem carece cea ers bale oe ovekt Be cea O°* to: 7078 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds....................0.. 260°C 


recommended operating conditions 


Product Previews 


Low-level input voltage, Vj, 
Input voltage at analog input, V; (see Note 1) 
Analog reference voltage (top side), Vraft (see Note 1) 


Analog reference voltage (bottom side), Vrefg (see Note 1) 


High-level output current, IOY 
Low-level output current, Io. 
Clock pulse duration, high-level or low-level, tw 


Operating free-air temperature, Tp 


NOTE 1: Vretp < Vi < Vreft, VrefT —- VrefB = 1V + 0.1 V. 
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TL5501 
6-BIT ANALOG-TO-DIGITAL CONVERTER 


electrical characteristics over operating supply voltage range, TA = 25°C (unless otherwise noted) 


PARAMETER TEST CONDITIONS M TYP MAX | UNIT 
I Analog input current 
5 


6) 
2 
2 


IN 
O 
lreff | Reference current Vreff = 5 V 
VOH High-level output voltage IOH = —400 pA 
VoL Low-level output voltage lol = 1.6 mA 
eS ee eee 40 


Seen SE Le 
operating characteristics over operating supply voltage range, TA = 25°C (unless otherwise noted) 


PARAMETER TEST CONDITIONS MIN TYPt MAX UNIT 
Fic iinemtinvanoes fon Seti 2 Pgh Semiceg eoy YORE | le nee Se ee ge 


7 
7 - 
pA 
pA 
10 pA 
=F mA 
t mA 
V 
O. V 
kQ 
6 pF 
6 mA 


fmax Maximum conversion rate 20 25 

3 tq Digital output delay time See Figure 3 ii) 30 
timing diagram 
"U0 
be | 
©) ¢——twH—_ 9+" twL—_9 
aoe | | | 
ra) CLK : 
a 
nit : mple | Sample | ates 
+ 

a”) ANALOG | | N+1 | 
© INPUT | | 
=, 
9°) 
s lta 
” 


| 
DATA DATA DATA 
pane N-1 ve 
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TL5501 
6-BIT ANALOG-TO-DIGITAL CONVERTER 


TYPICAL CHARACTERISTICS 


IDEAL CONVERSION CHARACTERISTICS 


111111 
111110 
111101 
© e 
ee 
© 100001 
a 
5 100000 
O 
® 011111 Fy7g4+ 1/2 LSBTF 
ote 
ra) s 
e 
000010 
000001 
000000 
: 3 
© 
bd: 
vt 
w” 
Vi— Analog Input Voltage—V z 
FIGURE 1 oO 
> 
END-POINT LINEARITY ERROR ® 
111111 Oo. 
111110 rr} 
~ 
111101 ig 
® © 
® ° fe: 
a O.. 
© 100001 
2 
= 100000 
oO 
S 011111 
ee. 
QO e 
e 
000010 
000001 
000000 
V;— Analog Input Voltage—V 
FIGURE 2 
NOTE 2: This curve is based on the assumption that Vre¢p and Vre¢t have been adjusted so that the voltage at the transition from 
digital O to 1 (VzT) is 4.000 V and the transition to full scale (Vey) is 4.992 V. 1 LSB = 16 mV. 
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TL5501 
6-BIT ANALOG-TO-DIGITAL CONVERTER 
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PARAMETER MEASUREMENT INFORMATION 


MEASUREMENT 
POINT Vcc 
Ry = 2 kQ 
TO.” > 213) 
DIGITAL 
OUTPUT 
Cy = 15 pF 


/ 


FIGURE 3. LOAD CIRCUIT 
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TL5601 
6-BIT DIGITAL-TO-ANALOG CONVERTER 


D3154, OCTOBER 1988 


6-Bit Resolution 


+0.8% Linearity 


N PACKAGE 
(TOP VIEW) 


Maximum Conversion Rate . . . 30 MHz Typ DGTL Vcc Y" U ref] GND 


: COMP [2 15| ] DO (LSB) 
20 MHz Min 
REF L]3 141 ]D1 
@ Analog Output Voltage Range... Vcc ANLG Vcc Lj4 13] |] D2 
to Vcc -1V AOUT [ |5 12| ]D3 
ae ANLG Vcc LJ6 11[ | D4 
TTL Digital Input Voltage 
" i 7 DGTL Vcc LI? 10] ] DS (MSB) 


Low Power Consumption . . . 200 mW Typ GND |]8 9{ ] CLK 
5-V Single-Supply Operation 


Interchangeable with Fujitsu MB40776 


description 


The TL5601 is a low-power ultra-high-speed video digital-to-analog converter that uses the Advanced Low- 
Power Schottky (ALS) process. It converts digital signals to analog signals at a sampling rate of dc to 
20 MHz. Because of such high-speed capability, the TL5601 is suitable for digital video applications such 
as digital television, video processing with a computer, and radar signal processing. 


The TL5601C is characterized for operation from O°C to 70°C. 


functional block diagram 


S. 


: 
A 
> 
CLK ® 
Bees 
MASTER (5) a. 
SLAVE BUFFER ee Ronee A OUT 
Do REGISTER SWITCH NETWORK o 
THROUGH a 
D5 Zo) 
‘e) 
tan 
O.. 
FUNCTION TABLE 
DIGITAL INPUTS OUTPUT 
D5 D4 D3 D2 OD1_ ODO ‘| VOLTAGEt 
tTFor Vcc = 5 V, Vref = 3.976 V 
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TL5601 
6-BIT DIGITAL-TO-ANALOG CONVERTER 


schematics of equivalent input and output circuits 


EQUIVALENT OF EACH DIGITAL INPUT EQUIVALENT OF ANALOG OUTPUT 


ANLG Vc 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


C 


Supply voltage range, ANLG Vee; DGTL Vec sos Seige ee bc we ss O05. V-to:7- ¥ 
Digital input vouace tanme OVi- ooh ets ee os Pines ble oe eo eee te eee =0.5:V to 7 V 
Analog reference voltage range; Vrefs .. 2 3 ee a ee bate ee 3.8 V to Vcc +0.5 V 
Operating s1ee-aie temperature tang ss... so ee ee ele he ORE 10-00" 
etOraed temneratire tangas 2 Shoes ots ed ste en oe eee ee 55°C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds.................2000. 260°C 


recommended operating conditions 


Vcc Supply voltage 4.75 So: 40 
Vref Analog reference voltage (see Note 1) 3.8 4 4.2 
ViH High-level input voltage 


NOTES: 1. Vref must be within 1.2 V of Vcc. 
2. This capacitor should be connected between comp and GND. 
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TL5601 
6-BIT DIGITAL-TO-ANALOG CONVERTER 


electrical characteristics over recommended ranges of supply voltage and operating free-air temperature 
(unless otherwise noted) 


TEST CONDITIONS 


w fh 
rap mda aten | | gee | a ee 
Voc = 5 V, Vie = S876, 
Io. = 0 (no toad 
Viet = 4.08 V 4865 


operating characteristics over recommended ranges of supply voltage and operating free-air temperature 


PARAMETER TEST CONDITIONS MIN TYPT MAX UNIT 
fmax_Maximum conversion rat rigs ee ee | ee 


TAIl typical values are at Vcc = 5 V, Vref = 4 V, Ta = 25°C. 


PARAMETER MEASUREMENT INFORMATION 


pe ae he 


DO 
THROUGH 
D5 


CLK 


| 

l — +1/2 LSB 
AOUT | §=50% 

| 


FIGURE 1. VOLTAGE WAVEFORMS 
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TL5601 
6-BIT DIGITAL-TO-ANALOG CONVERTER 


TYPICAL CHARACTERISTICS 


Vo— Output Voltage—V 


fo) - oOo = 2) = o = 
oO (o) - - fe) oO tod - 
3 o Oo 2 eee i =] SO ees < ee 
ee ee eA... er. 
(eo) fo) © = oO oO = = 
(=) (o) (=) oO - toad road - 
1 2 1: 224.33 2°63 
0 0 3 6 
o Digital Input Code 
= FIGURE 2. IDEAL CONVERSION CHARACTERISTICS 
© 
pete 
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0 Ves 
= 
@ 4.984 
<, 
) ° 
Ss > 
rr I 4.520 
Do 
= 4.504 
$ 
~ 4.488 
= 
ror 
E . 
x e 
O 
> 
4.024 
4.008 
Vzs 
3.992 
S ae ae 
ees Bye Fo ee eee 
$3 8 = ae 
eo £6 ° S = 
10) 1 2 S47 2, 33 62 63 
Digital Input Code 
FIGURE 3. END-POINT LINEARITY ERROR 
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TL5602 
8-BIT DIGITAL-TO-ANALOG CONVERTER 


D3094, SEPTEMBER 1988 


8-Bit Resolution N PACKAGE 


+0.2% Linearity (TOP VIEW) 
Maximum Conversion Rate . . . 30 MHz Typ GND (]1 U18[]po (-sB) 
20 MHz Min DGTL Vcc Lj2—s 171) 1 


COMP [ }3 16] |D2 
@ Analog Output Voltage Range... Vcc REF | |4 15, ]D3 


to Vcc -1V ANLG Vcc L]5 141 ]D4 


@ TTL Digital Input Voltage AOUT [16 131 }D5 
ANLG Vcc L}7 12] |D6 
@ 5-V Single-Supply Operation DGTL Vcc [js 11{ ]D7 (MSB) 
@ Low Power Consumption... 250 mW Typ GND [{9 Vo} J CLK 
@ Interchangeable with Fujitsu MB40778 
description 


The TL5602 is a low-power ultra-high-speed video digital-to-analog converter that uses the Advanced Low- 
Power Schottky (ALS) process. It converts digital signals to analog signals at a sampling rate of dc to 
20 MHz. Because of such high-speed capability, the TL5602 is suitable for digital video applications such 
as digital television, video processing with a computer, and radar signal processing. 


3 


The TL5602C is characterized for operation from O°C to 70°C. 


functional block diagram 


S 
2 
CLK a 
MASTER (6) bow 
SLAVE BUFFER CURRENT RESISTOR AOUT QO. 
REGISTER SWITCH NETWORK ~ 
DO-D7 S 
TS 
\e) 
tence 
o. 
FUNCTION TABLE 
DIGITAL INPUTS OUTPUT 
: VOLTAGE? 
tTFor Vcc = 5 V, Vref = 3.976 V 
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TL5602 
8-BIT DIGITAL-TO-ANALOG CONVERTER 


schematics of equivalent input and output circuits 


EQUIVALENT OF EACH DIGITAL INPUT EQUIVALENT OF ANALOG OUTPUT 


ANLG Vcc 


3 


"U 

= 

4 absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

= Supply voltage range, ANLG Vcc, DGTL VCC ..... see cece eee eee ees -O0.5Vto7V 
oe Digital: input WoneGe Tete V1. tae eather go ie RCE eo Ge bees bo eed —-0.5 V to 7 V 
| Analog reterence vonege: range, -Vret. 4... 6 ws ei el eee ee os 3.8 V to Vcc +0.5 V 
O Onetating Trec-err tenmeratire faNOe, G. i ou ces ce ot Fe Re ety le oR O*°C 16:70°C 
< StOmnge: THMDSIALUIS TNO. ce ibe le ees DEMO a eS Ee eee ene -— 55°C to 150°C 
O Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds..............0000 eee 260°C 
” recommended operating conditions 


_ Sas earn Dees 3, AS aa So MRD Re YURI EY ey 
Pep sage ee et ee eee 
2 


tw Pulse duration, CLK high or low 
tsu Setup time, data before CLKT 
th Hold time, data after CLKT 


NOTES: 1. Vcc — Vref = 1.2 V 
2. This capacitor should be connected between COMP and GND. 
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| TL5602 
8-BIT DIGITAL-TO-ANALOG CONVERTER 


electrical characteristics over recommended ranges of supply voltage and operating free-air temperature 
{unless otherwise noted) 


PARAMETER TEST CONDITIONS MIN TYPt MAX | UNIT 


Vec = 5.25 V, Vj = 0.4 V =40_-400 
Pisoni ripen ureent. i) Pp epee po . ae 
Vcc = 5 V, Vref = 3.976 V, Vec=15 Voc Vec+15| mV _ 
lo_= 0 ino load) 
pig Sugai tpalstance 2 i he eee a ee BO | ee 


TAIl typical values are at Vcc = 5 V, Vref = 4V, Ta = 25°C 


operating characteristics over recommended ranges of supply voltage and operating free-air temperature 


PARAMETER TEST CONDITIONS MIN TYP MAX UNIT 
E____Linearity error Cee ne eee 
fmax_ Maximum conversion rate ee ee ee ea Mii 


PARAMETER MEASUREMENT INFORMATION 


k@——-tsu ate th —>I 
DO-D7 
CLK 50% 50% 
l 
| 
| A 4/9188 
AOUT 7 50% 
| 
| 
| | 
[+ tod 


FIGURE 1. VOLTAGE WAVEFORMS 
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TL5602 
8-BIT DIGITAL-TO-ANALOG CONVERTER 


TYPICAL CHARACTERISTICS 


Vo— Output Voitage—V 


os © - oO &- oO — 
> es = - © oOo = - 
5 68 6 - 686 ie 

3 S = o eee et Ps Pas} eee ee ane 
Oo.) eso 5 Or © = a 
Oo» OF © oe oS = = 
Oo; Oo... Oo Oise Ss Say a 

vu Q.. 9-42 127128129 254 255 

\e) Digital Input Code 

Q. 

= FIGURE 2. IDEAL CONVERSION CHARACTERISTICS 
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Digital Input Code 


FIGURE 3. END-POINT LINEARITY ERROR 
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TLO542M, TLC542I 
LinCMOS™ 8-BIT ANALOG-TO-DIGITAL PERIPHERALS 
WITH SERIAL CONTROL AND 11 INPUTS 


D3194, FEBRUARY 1989 


e LinCMOS™ Technology N PACKAGE 


P : (TOP VIEW) 
@ 8-Bit Resolution A/D Converter 


inPpuUT AOL]1 U20[] vec 

INPUT A1 (]2 19 } EOC 

INPUT A2(]3 18] ] 

@ On-Chip 12-Channel Analog Multiplexer INPUT A3L]4 — 171] ADDRESS INPUT 
INPUT A4L]5 ~—- 161 ] DATA OUT 

® Built-In Self-Test Mode INPUT A5 (Te ist] CS 


e Software-Controllable Sample and Hold INPUT A6 |]? 14] ] REF + 
INPUT A7L]8 13] ] REF - 


@ Microprocessor Peripheral or Stand-Alone 
Operation 


@ Total Unadjusted Error... +0.5 LSB Max INPUT A8 [19 12] INPUT A10 
e Direct Replacement for Motorola MC145041 GNDL}10_ 11, INPUT AQ 
e On-Board System Clock 
FN PACKAGE 
@ End-Of-Conversion (EOC) Output (TOP VIEW) 
@ Pinout and Control Signals Compatible with Rages 
TLC540 and TLC1540 Family of 10-Bit A/D hs tastes 
Converters aap a VO 
a2 ae 
TYPICAL PERFORMANCE 3 


| Channel Acquisition/Sample Time | Acquisition/Sample Time 
on : INPUT A3 J 4 18[] 1/0 CLOCK 
Conversion Time 


17] DATA IN 


INPUT A4UJ § ” 
NDF eee \6¢| Data out 2 
INPUT A6U 7 1SLJCS o 
gs INPUT A7{J)8 14(] REF + 
description pian neuen re 
et oltateats tens 
The TLC542 is a LinNCMOS™ A/D peripheral built CAMO | Gi: 
around an 8-bit switched-capacitor successive- e i = Mere ~ 
approximation A/D converter. The device is 2 p55” = 
designed for serial interface to a microprocessor ete GO 
or peripheral via a 3-state output with three inputs ‘3 e) 
(including 1/O Clock, Chip Select (CS), and a. 
Address Input). The TLC542 allows high-speed 
data transfers and sample rates of up to 40,000 
samples per second. In addition to the high-speed converter and versatile control logic, an on-chip 
12-channel analog multiplexer can sample any one of 11 inputs or an internal "self-test" voltage, and the 
sample-and-hold is started under microprocessor control. At the end of conversion, the End-Of-Conversion 
(EOC) output pin goes high to indicate that conversion is complete. Detailed information on interfacing to 
most popular microprocessors is readily available from the factory. 
The converter incorporated in the TLC542 features differential high-impedance reference inputs that facilitate 
ratiometric conversion, scaling, and isolation of analog circuitry from logic and supply noises. A switched- 
capacitor design allows low-error (+0.5 LSB) conversion in 20 us over the full operating temperature range. 
The TLC542 is available in both the N and FN plastic packages. The TLC542M is characterized for operation 
from —55°C to 125°C, and the TLC542I is characterized for operation from —40°C to 85°C. 
LinCMOS is a trademark of Texas Instruments Incorporated. 
PRODUCT PREVIEW documents contain information ° Copyright © 1989, Texas Instruments Incorporated 
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TLO542M, TLC5421 
LinCMOS™ 8-BIT ANALOG-TO-DIGITAL PERIPHERALS 
WITH SERIAL CONTROL AND 11 INPUTS 


functional block diagram 


SM@IAVIg JONPO!d ‘es 


3-28 


ANALOG 
INPUTS 


ADDRESS 
INPUT 


SAMPLE 
AND 
HOLD 


12-CHANNEL 


ANALOG 
MULTIPLEXER 
INPUT 
ADDRESS 
REGISTER 
SELF-TEST 4 
REFERENCE 
INPUT 
MULTIPLEXER 
aint ae 
caeinennntnrporeict arth inaemeniee 


TEXAS 


REF + REF — 


8-BIT 
ANALOG-TO-DIGITAL 
CONVERTER 
(SWITCHED-CAPACITORS) 


OUTPUT 8 8-TO-1 DATA 
DATA SELECTOR AND 
REGISTER DRIVER 


DATA 
OUTPUT 


CONTROL LOGIC 
AND 1/O 
COUNTERS 
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TLO542M, TLO542I 
LinCMOS™ 8-BIT ANALOG-TO-DIGITAL PERIPHERALS 
WITH SERIAL CONTROL AND 11 INPUTS 


operating sequence 


dp Jil2is3lalslel7ls lil2lalalslel7te 
CLOCK ——J DON’T CARE 


| | 
BO IE vce p ROBE ea. ove et a oe 
| . 
meee (see Note 2) fej ot oe etl 
pare ee INTERNAL SYSTEM CLOCKS < 12 us 


| 
soa | 
: L ——————_ | }————_—_—__ 
: : k¢—— twH (Cs) > 
| 
| 


MSB LSB | | MSB 


| 

| 

| 

ADDRESS |_,| DON’T CARE DON’T CARE 

input —# XB3X82X81X 80) a CG) Oe 

| 

| 

| 


| HI-Z 


| 
| 
| 
DATA Lg (Waa Maa naX REX ROX) roiaom ae. {a7eeKesa(ase2Kn1X50X\— 
PREVIOUS CONVERSION DATA A !A7 B7 


a 
| 
FOL. cic 2: Gh ea ROM RMR ISMN ESSE! Secs 
| 
| 


: CONVERSION DATA B 
MSB LSB |MSB | |MSB LSB MSB 3 
(see Note 2) td(lO EOC) — }e— —pl ie—tqiEOC— DATA) 


oe eee, FM ee cree as ats 
| | 
hq - -----— --— te yele ———-- -—__ ——----—---—_- 


NOTES: 1. The conversion cycle, which requires 36 internal system clock periods, is initiated on the 8th falling edge of the !/O Clock after CS. 
goes low for the channel whose address exists in memory at that time. If CS is kept low during conversion, the I/O Clock must 
remain low for at least 36 system clock cycles to allow conversion to be completed. 

2. To minimize errors caused by noise at the chip select input, the internal circuitry waits for two rising edges and one falling edge of the 
internal system clock after CS | before responding to control input signals. The CS setup time is given by the tsu(CS) specifications. 
Therefore, no attempt should be made to clock-in an address until the minimum chip select setup time has elapsed. 
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TLO542M, TLC542I 
LinCMOS™ 8-BIT ANALOG-TO-DIGITAL PERIPHERALS 
WITH SERIAL CONTROL AND 11 INPUTS 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Dery VOU RCE Wnts tmRNA) £7 oz hy She! iss a PN eae 1 ot IR a 6.5 V 
LOGE Vicia bana IT CALE IO) | Sey Vast ey dISY Neen dntgeseg Rte saat uk 3 ae ee -0.3 Vto Vcc +0.3 V 
Orit Vonage fange ss 6 fen. ears ute PR aa Ny Oe ees —0.3 V to Voc +0.3 V 
Peak MDULCURENEfANOOtay IDUt ais hick cde vac eer eas ss ia ea eign ee ae +20 mA 
Bola ele Bye We diy Cie co 7) ec) teed ghee a a Re Peg RE IN COME ge osocn Ca SOE +30 mA 
Operating free-air temperature: TLCS42M 2 ket lee ee ee renee iy Of (oe Plea 

I Seeeirce tig eek See, NEE ins cP eee xr wi ee —40°C to 85°C 
Sigrane temoeranwefangge.s 9; i.) o~: dato rete crea see gies sk ta we eee aie tang bees -65°C to.150°C 
Case temperature-for 10 seconds:: FN package ss ec te oe i ay a Dee ee eo 260°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: N package................ 260°C 


NOTE 3: All voltage values are with respect to digital ground with REF— and GND wired together (unless otherwise noted). 


recommended operating conditions, Vcc = 4.75 V to 5.5 V 


MIN NOM MAX 
Supply voltage, Vcc | 4.75 5 5.5 
Positive reference voltage, VREF4 (See Note 4) 25 Voc Voc + 0.1 
Negative reference voltage, VpeF— (see Note 4) cere 0 2.5 
Differential reference voltage, VREF+ — VREF-— (see Note 4) 1. “Mee: Mec +02 
3 Analog input voltage (see Note 4) 0 Vec 
High-level contro! input voltage, ViH 2 V 
0 Low-level control input voltage, Viv 0.8 V 
= Setup time, address bits at data input before I/O CLK f, tsu(A) | 400 ns 
4 Hold time, address bits after I/O CLK f, thia 0 | ns 
e Hold time, CS low after 8th I/O CLK J, thics 0 ns 
© Setup time, CS low before clocking in first address bit, tsy(¢s) (See Note 2) 1.4 us 
te TES high during conversion, twH(CS Us 
a Input/Output clock frequency, foLK(I/O MHz 


Input/Output clock high, twH(I/O 


SMBIAVI 
> 
xe) 
cS 
5 
= 
ne) 
S 
Q 
° 
oO 
xn 
So 
= 
z 
i 
Ba 
oO 
b 
= 
ep) 


\/O Clock transition time (See Note 5) CLK(VO) > 525 KHz 
fCLK(O) > 525 kHz 


Se TLC542M ~55 125 
Operating free-air temperature, Ta TLO5421 —40 85 a 


NOTES: 2. To minimize errors caused by noise at the chip select input, the internal circuitry waits for two rising edges and one falling edge of 
the internal system clock after CS | before responding to control input signals. The CS setup time is given by the tsy(Cs) 
specifications. Therefore, no attempt should be made to clock-in an address until the minimum chip select setup time has elapsed. 

4. Analog input voltages greater than that applied to REF + convert as all ones (11111111), while input voltages less than that applied 
to REF— convert as all zeros (00000000). For proper operation, REF+ must be at least 1 V higher than REF-. Also, the total — 
unadjusted error may increase as this differential reference voltage falls below 4.75 V. 

5. This is the time required for the clock input signal to fall from Vj} min to Vi, max or to rise from Vj_ max to Vip min. In the vicinity of 
normal room temperature, the devices function with input clock transition time as slow as 2 us for remote data acquisition 
applications where the sensor and the A/D converter are placed several feet away from the controlling microprocessor. 
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TLO542M, TLC542I 
LinCMOS™ 8-BIT ANALOG-TO-DIGITAL PERIPHERALS 
WITH SERIAL CONTROL AND 11 INPUTS 


electrical characteristics over recommended operating temperature range, 
Vcc = VREF+ = 4.75 V to 5.5 V (unless otherwise noted), fCLK(I/O) = 1.1 MHz 


PARAMETER TEST CONDITIONS 


VoL _ Low-level output voltage Voc = 4.75V, lop =1.6mA 
7 Off-state (high-impedance state) Vo =Vcc. CSatVcc 
02 output current Vo =0, CSatVcoc 


ty = High-level input current Vi=Voc 
He Low-level input current Vv; =0 
loc Operating supply current CS atOV 


Selected channel at Voc —55°C to 125°C 
Unselected channel at 0 V —40°C to 85°C 
Selected channel leakage current 


Selected channel at 0 V —55°C to 125°C 
Unselected channel at Vcc —40°C to 85°C 


Maximum static analog reference 
REE Cunentina BERS NBER > NGC. NREG = ay 
Analog inputs 
C; Input capacitance 
Control inputs 


T All typical values are at Ta = 25°C. 


3 


operating characteristics over recommended operating free-air temperature range, 
Vcc = VREF+ = 4.75 V to 5.5 V, fCLK(I/O) = 1 MHz 


PARAMETER TEST CONDITIONS MIN TYP MAX UNIT 
Linearity error (see Note 7) +0.5 LSB 


Zero error (see Note 8) +0.5 LSB 


Full-scale error (see Note 8) +0.5 LSB 
Total unadjusted error (see Note 9) Ean Eee +0.5 LSB 


Input A11 address = 1011, | 01111101 10000011 
See Note 10 (125) (131) 


toaie Total access and conversion cycle time 
tac Channel acquisition time (sample cycle) 
Time output data remains valid after 1/O CLK | 

td(IO-DATA) __ Delay time, I/O CLK | to data output valid 400 
td(lO-EOC) _ Delay time, 8th I/O CLK | to EOC | 500 
Yo 

| us| 

eed 

fe 

bie Feces 

ihe ag 

[Snes 


Self-test output code 
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td(EOC-DATA) Delay time, EOC * to data out (MSB) ns 
tp7H, tpzL Delay time, CS | to data out (MSB) See Figure 2 3.4 us 
tpHz, tpLz Delay time, CS to data out See Figure 2 150 ns 
t(E0G) _Fise time ns 
EOC) __ Fall time ns 
tr(bus Data bus rise time See Figure 5 300 ns 
t(bus Data bus fall time 300 ns 
NOTES: 6. Analog input voltages greater than that applied to REF + convert to all ones (11111111), while input voltages less than that applied 
to REF-— convert to all zeros (00000000). For proper operation, REF+ must be at least 1 V higher than REF-. Also, the total 
unadjusted error may increase as this differential reference voltage falls below 4.75 V. 
7. Linearity error i$ the maximum deviation from the best straight line through the A/D transfer characteristics. 
8. Zero error is the difference between 00000000 and the converted output for zero input voltage; full-scale error is the difference 
between 11111141 and the converted output for full-scale input voltage. 
9. Total unadjusted error is the sum of linearity, zero, and full-scale errors. 


10. Both the input address and the output codes are expressed in positive logic. The A11 analog input signal is internally generated 
and is used for test purposes. 
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TLO542M, TLC5421 


LinCMOS™ 8-BIT ANALOG-TO-DIGITAL PERIPHERALS 
WITH SERIAL CONTROL AND 11 INPUTS 


PARAMETER MEASUREMENT INFORMATION 


1.4V 


3 kQ OUTPUT 


Vcc 


3 kQ 


OUTPUT 
UNDER TEST TEST POINT ace areie TEST POINT 
CL 3k? ofl 
OUTPUT TEST (SEE NOTE A) “]~ (SEE NoTE A) “I 


UNDER TEST POINT 


CL 
(SEE NOTE A) “ ' 


LOAD CIRCUIT FOR LOAD CIRCUIT FOR LOAD CIRCUIT FOR 
tpzH AND tpHz tpz_ AND tpyz 


tq. tr, AND ty 


NOTE A: C, = 50 pF. 


FIGURE 1. LOAD CIRCUITS 


a3 ee 
3 cs | 
0.8 V | 
JU tPZH: tPZL 7 
4 | tpHz. tpLZ —+¢——_>} 
c | | 
© 2.4V 
ee = Dout 1 
“y 0.4V 
=] 
@ 
Ss. FIGURE 2 
$ 
~” 
cs 


0.8 V 
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l¢——$>- tsuics) 
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2V 
1/0 CLK 
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=¥ 
An 


; 
—p be thiay 
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| 
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| 
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FIGURE 4 


3-32 


TEXAS 4 


INSTRUMENTS 


POST OFFICE BOX 655012 ¢ DALLAS, TEXAS 75265 


TLC542M, TLC542I 
LinCMOS™ 8-BIT ANALOG-TO-DIGITAL PERIPHERALS 
WITH SERIAL CONTROL AND 11 INPUTS 


PARAMETER MEASUREMENT INFORMATION 


Oe rej ke — tr (10) 
| | 
2V | | 2V 
/O CLK | | 
0.8V 0.8 V 0.8 V 


| 
ed Te RE TeEb aire 1, corr 
}¢———>}— 'PLH: tPHL td(1O— DATA) 


Dout 


| | 
—> 
FIGURE 5 


/O CLK 8TH 
CLOCK O8V 


kt talo— E0c) 
| 


24V l 
EOC | ee 
| av 
| 


——> le—tHEOC) 
FIGURE 6 
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7 k@— tr(EOC) 
| 
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4V 
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& 
| 
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ke— td(EOC— DATA) — 


Dout 
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FIGURE 7 
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TLO542M, TLC542I 
LinCMOS™ 8-BIT ANALOG-TO-DIGITAL PERIPHERALS 
WITH SERIAL CONTROL AND 11 INPUTS 


principles of operation 


The TLC542 is a complete data acquisition system on a single chip. The device includes such functions as 
analog multiplexer, sample-and-hold, 8-bit A/D converter, data and control registers, and control logic. Three 
control inputs (I/O clock, chip select (CS), and address) are included for flexibility and access speed. These 
control inputs and a TTL-compatible 3-state output are intended for serial communications with a 
microprocessor or microcomputer. With judicious interface timing, the TLC542 can complete a conversion in 
20 us, while complete input-conversion-output cycles can be repeated every 40 us. Furthermore, this fast 
conversion can be executed on any of 11 inputs or its built-in "self-test" and in any order desired by the 
controlling processor. 


When GS is high, the Data Output pin is in a 3-state condition and the Address Input and |/O Clock pins are 
disabled. When additional TLC542 devices are used, this feature allows each of these pins, with the exception 
of the CS pin, to share a control logic point with their counterpart pins on additional A/D devices. Thus, this 
feature minimizes the control logic pins required when using multiple A/D devices. 


The control sequence is designed to minimize the time and effort required to initiate conversion and to obtain 
the conversion result. A normal control sequence is as follows: 

1. CS is brought low. To minimize errors caused by noise at the CS input, the internal circuitry waits for 

two rising edges and then a falling edge of the internal system clock before recognizing the low CS 

transition. The MSB of the result of the previous conversion automatically appears on the Data Out 


pin. 
3 2. On the first four rising edges of the I/O Clock, a new positive-logic multiplexer address is shifted in, 
with the MSB of this address shifted first. The negative edges of these four |/O clock pulses shift out 
8) the second, third, fourth, and fifth most significant bits of the result of the previous conversion. The on- 
o chip sample-and-hold begins sampling the newly addressed analog input after the fourth falling edge 
o. of the I/O Clock. The sampling operation basically involves charging the internal capacitors to the 
Cc level of the analog input voltage. 
9 3. Three clock cycles are applied to the I/O pin, and the sixth, seventh, and eighth conversion bits are 
shifted out on the negative edges of these clock cycles. 
we 4. The final eighth clock cycle is applied to the I/O Clock pin. The falling edge of this clock cycle 
o completes the analog sampling process and initiates the hold function. Conversion is then performed 
D during the next 20 us. After this final 1/O Clock cycle, CS must go high or the I/O Clock must remain 
Ss low for at least 20 us to allow for the conversion function. 
” CS can be kept low during periods of multiple conversion. If CS is taken high, it must remain high until the end 


of the conversion. Otherwise, a valid falling edge of CS causes a reset condition, which aborts the conversion 
process. 


A new conversion may be started and the ongoing conversion simultaneously aborted by performing steps 1 
through 4 before the 20-us conversion time has elapsed. Such action yields the conversion result of the 
previous conversion and not the ongoing conversion. 


The End-Of-Conversion (EOC) output goes low on the negative edge of the eighth I/O Clock. The subsequent 
low-to-high transition of EOC indicates the A/D conversion is complete and the conversion result is ready for 
transfer. 
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TLCO543M, TLC5431, TLC544M, TLC5441 
8-BIT ANALOG-TO-DIGITAL PERIPHERALS 
WITH SERIAL CONTROL AND 5 INPUTS 


D2799, SEPTEMBER 1986 


@ LinCMOS™ Technology D, J, OR N PACKAGE 
(TOP VIEW) 
@ 8-Bit Resolution A/D Converter 
AOU1 141] Vop 
@ On-Chip 6-Channel Analog Multiplexer aif 13] REF + 
@ Built-In Self-Test Mode A2L]3 12| | EOC 
A3|]4 111 | ADDRESS IN 
® Software-Controllable Sample-and-Hold aa(ls 101] 0 CLOCK 
@ Total Unadjusted Error... +0.5 LSB Max REF — L]6 9] |] DATA OUT 
GND |]? 81} CS 
® End-of-Conversion Output 7 
@ Conversion Time... 17 ns Max 
@ Internal System Clock ...4 MHz Typ 
@ Low Power Consumption... 6 mW Typ 
@ Minimum Sample Rates: 
TLC543 ... . 45,500 c/s 
TLC544 .. . 40,000 c/s 
description 
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The TLC543 and TLC544 are LinCMOS™ A/D peripherals built around an 8-bit switched-capacitor, 
successive-approximation A/D converter. They are designed for serial interface to a microprocessor or 
peripheral via a 3-state output with up to four control lines including I/O Clock, Chip Select (CS), 


” 
Address Input, and End-of-Conversion (EOC) output. A 4-MHz on-chip system clock and simultaneous 2 
read/write operations permit high-speed data transfer and minimum sample rates of 45,500 cycles per @ 
second for the TLC543 and 40,000 cycles per second for the TLC544. In addition to the high-speed S 
converter and versatile control logic, an on-chip 6-channel analog multiplexer can be used to sample any ® 
one of five inputs or an internal ‘‘self-test’’ voltage, and a sample-and-hold can operate automatically or @ 
under processor control. Pe, 
The converters incorporated in the TLC543 and TLC544 feature differential high-impedance reference inputs 
that permit ratiometric conversion, scaling, and isolation of analog circuitry from logic and supply noise. 2 
A totally switched-capacitor design allows low-error (+0.5 LSB) conversion in 17 microseconds maximum 4. 
for the TLC543 and the TLC544 over the full operating temperature range. The TLC543M and TLC544M 
are characterized for operation over the full military temperature range of —55°C to 125°C. The TLC543! 
and TLC544I are characterized for operation from —40°C to 85°C. 
LinCMOS is a trademark of Texas Instruments Incorporated 

PRODUCT PREVIEW documents contain information F Copyright © 1986, Texas Instruments Incorporated 
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TLC543M, TLC5431, TLC544M, TLC5441 
8-BIT ANALOG-TO-DIGITAL PERIPHERALS 
WITH SERIAL CONTROL AND 5 INPUTS 


functional block diagram 


REF + REF -— 


SAMPLE 8.BIT 


AND ANALOG-TO-DIGITAL 
ANALOG bon CONVERTER 
INPUTS 6-CHANNEL (SWITCHED-CAPACITORS) 
ANALOG 
MULTIPLEXER 
INPUT 
inne OUTPUT g | 8-TO-1 DATA ame 
nEBigcen DATA SELECTOR AND RUE e 
REGISTER DRIVER 
SELF-TEST : 
REFERENCE 
CONTROL LOGIC 
AND 1/0 oe 
ADDRESS INPUT COUNTERS scov ae 
INPUT MULTIPLEXER ROTH 
e 
V0 eae 
CLOCK 
ie SYSTEM 
= CLOCK 
operating sequence 
tate 
| Eee tsa eel 6 et ee Ks ae es ee Ae a ee 


/O 


| ‘ 
CLOCK —-¥ don Ty care 1 FLU UU UU Ui 
| bes | 


Beene t ry | 
lt ACCESS ->| —— SAMPLE ——+e————— tconv ———_#__ *# ACCESS — _ }*—— SAMPLE —> 


| CYCLE B CYCLE B (See Note A) | CYCLE C CYCLE C 

cs L, | ‘i SPAT a EE ELIE RES Be | 
Lb ] 
}¢———twH(CS) > 


ADDRESS in oe a DON’T CARE pnd TR a DON’T CARE 
INPUT $502) 81 X80) nf 
ane HI-Z STATE 
ouT ~~? (a7 as Kas aa X a3 X82 81K 20 Xo (87 X86 85 X 84 X83 X82 81 80 Ke 
PR O A7 B7 
END OF MSB CONVERSION DATA A \.sB MSB MSB priate cae ae 


CONVERSION | | 


NOTES: A. The conversion cycle, which requires 36 internal system clock periods, is initiated on the 8th falling edge of the I/O Clock 
after CS goes low for the channel whose address exists in memory at that time. If CS is kept low during conversion, the I/O 
clock must remain low for at least 36 system clock cycles to allow conversion to complete. 

B. The most significant bit (MSB) is automatically placed on the DATA OUT bus after CS is brought low. The remaining 
seven bits (A6-AO) are clocked out on the first seven falling edges of the I/O Clock. 

C. To minimize errors caused by noise at the CS input, the internal circuitry waits for three internal system clock cycles (1.4 us 
at 2 MHz) after a chip select transition before responding to control input signals. Therefore, no attempt should be made to 
clock-in address data until the minimum chip-select setup time has elapsed. 
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TLC543M, TLO5431, TLC544M, TLC544I 
8-BIT ANALOG-TO-DIGITAL PERIPHERALS 
WITH SERIAL CONTROL AND 5 INPUTS 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


soy Vonage, Ver (SBC INOtG 1), ss 55. ees a Pe Pp eee os ae eee 6.5 V 
put: VOlLAde FanGauany iNpUt)..-2... 2 ws Sees Se eck ence ee eee -0.3 Vito Vcc + O03 ¥ 
Distmar Von aee Tene 0.620) bed See eee. sw ole Se eee ee -0.3 V:tto Vcc + 0:3 V 
Pee UIT Cela) Perit tery SIE) 5s 5 ee eee ce i eT ae a a ees +10 mA 
Pogmtota input currone (AIMODUtS) > se pee. ss. os bold ese Fe eae ew le See +30 mA 
Operating free-air temperature range: TLC543M, TLC544M................. —'§5°C ‘to 1 255G 

he a RAP IN Se cata 2 ss ea a8 — 40°C to 85°C 
PH MOR SONINOIaeNe ANOS. (90. ia... ear d), ete Stee Ss ee ee co Bie ear Bolte emg: -— 65°C ta 15676 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: D or N package ........ 260°C 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: J package ............ 300 °C 


NOTE 1: All voltages are with respect to ground (GND pin) with REF— and GND wired together (unless otherwise noted). 


recommended operating conditions 


| MIN NOM MAX | 
3 
25 
Negative reference voltage, Vafr— (see Note 2) 0.1 
Differential reference voltage, Vpgff+ — Vrer— (see Note 2) 1 
Analog input voltage (see Note 2) 
High-level control input voltage, Vijy (for Vcc = 4.75 to 5.5 V) 


Low-level control input voltage, Vi, (for Vcc = 4.75 to 5.5 V) 


CO 


Input/Output clock frequency, fCLK(I/O) 
(for Vcc = 4.75 to 5.5 V) 
System clock frequency, fcLK (I/O) (for Vcc = 4.75 to 5.5 V) 


200 


f < a 
1/0 clock transition time (see Note 3) CLK 1/O MHz 
fCLK 1/0 > 1.1 MHz 
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TLC543M, TLC544M 
Operating free-air temperature, Ta TLC5431. TLC5441 : 


NOTES: 2. Analog input voltages greater than that applied to REF + convert to all ones (11111111), and input voltages less than that 
applied to REF — convert to all zeros (QOOOOO000). For proper operation, REF + voltage must be at least 1 V higher than REF — 
voltage. Also, adjusted errors may increase as this differential reference voltage falls below 4.75 V. 

3. This is the time required for the clock input signal to fall from Vjy min to Vij_ max or to rise from Vi_ max to Vjy min. In 
the vicinity of normal room temperature, the devices function with input clock transitions as slow as 2 us for remote data 
acquisition applications in which the sensor and the A/D converter are placed several feet away from the controlling 
microprocessor. 

4. To minimize errors caused by noise at the Chip Select input, the internal circuitry waits for three system clock cycles (1.4 us 
at 2 MHz) after a chip select falling edge is detected before responding to control input signals. Therefore, no attempt should 
be made to clock-in address data until the minimum chip select setup time has elapsed. 
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TLC543M, TLC5431, TLC544M, TLC544!1 
8-BIT ANALOG-TO-DIGITAL PERIPHERALS 
WITH SERIAL CONTROL AND 5 INPUTS 


electrical characteristics over recommended operating temperature range, 
Vcc = VREF+ = 4.75 V to 5.5 V (unless otherwise noted), fCLK(I/O) = 2.048 MHz for TLC543 
or fCLK(I/O) = 1.1 MHz for TLC544 


PARAMETER TEST CONDITIONS 


High-level output voltage, 
Vec = 4.75 V, ; 
Data out, EOC 


Vcc = 4.75 V, lol = 3.2 mA 
Low-level output voltage 
Vcc = 4.75 V, lol = 1.6 mA 


Off-state (high-impedance state) Vo = Vcc. CS at Vcc 
OZ ae 
output current Vo = 0, CS at Vcc 


V 

V 

pA 

Ne Low-level input current 

Icc Operating supply current 
Selected channel at Vcc, 
Unselected channel at O V 

likg Selected channel leakage current 
Selected channel at O V, 


Unselected channel at Vcc 
IREF Reference current VreF+ = Vcc. 


Analog inputs 


3 C; Input capacitance 

T All typical values are at Vcc = 5 V, Ta = 25°C. 
"~ 
= 
S. 
c PARAMETER MEASUREMENT INFORMATION 
a 

vcc 

ms © | 
© 
<. SELECTED 
D ANALOG 
s INPUT 
~” 


OTHER 
ANALOG 
INPUTS 


FIGURE 1. SELECTED CHANNEL LEAKAGE CURRENT 
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operating characteristics over recommended operating free-air temperature range, VCC = VREF+ = 4.75 to 5.5 V, 


fCLK(I/O) = 2.048 MHz for TLC543 or 1.1 MHz for TLC544 
a a a a] or 
UNIT 
£ 
tk 
i 


MIN TYP MA 
10.5 = 
= 
SB 
SB 
ps 
us 


AMETER TEST CONDITIONS 
ee ee MIN TYP MAX 


Total unadjusted error (see Note 7) 
TOS OR AS Input A5 address = 10149,] 01111101 10000011 | 01111101 10000011 
sia cra gs alec See Note 8 (125) (131) (125) (131) 
See Operating Sequence 
See Operating Sequence 


See Operating Sequence 


ier (cae s8 

oe te Tse 

on. Maem enien le iC Sen a, a pee ees 
Bk aro Ge: Tse 

a 


tacq Channel acquisition time (sample cycle) 


Time output data remains valid 
antawe SS a nbd NS a Ae 
Pig Delay time, 1/0 clocki to data output valid | SSS 
See Figure 2 


tPHL(EOC) Propagation delay, 8th !/O clock! to EOC 
Delay time, EOC to DATA OUT (MSB) 
(see Note 9) 


12 17 
19 25 


td(EOC) 


12 ae 


NOTES: 5. Linearity error is the maximum deviation from the best straight line through the A/D transfer characteristics. 


6. Zero error is the difference between the output of an ideal and an actual A/D converter for zero input voltage; full-scale error is that same difference for full- 
scale input voltage. 

7. Total unadjusted error comprises linearity, zero, and full-scale errors. 

8. Both the input address and the output codes are expressed in positive logic. The A5 analog input signal is internally generated and is used for test purposes. 

9. The EOC signal is output after 40 internal clock cycles, while the data is available after 36 internal clock cycles. Thus, the delay time, EOC to DATA OUT, 
is a negative value equal to four internal system clock cycles less internal propagation delays. 
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TLC543M, TLC5431, TLC544M, TLC5441 
8-BIT ANALOG-TO-DIGITAL PERIPHERALS 
WITH SERIAL CONTROL AND 5 INPUTS 


PARAMETER MEASUREMENT INFORMATION 


1.4V Voc 
3 kQ 3 kQ 
OUTPUT OUTPUT OUTPUT 
TEST POINT TEST POINT 
UNDER TEST TESS ay UNDER TEST UNDER TEST 
Cy CL 3 kQ CL 
| (SEE NOTE A) (See Note A) | | (See Note A) 
(See Note B) (See Note B) 
LOAD CIRCUIT FOR LOAD CIRCUIT FOR LOAD CIRCUIT FOR 
tq. ty, and tr tpzH AND tpyz tpz_ AND tp,z 
ae Vcc 
cs 50% 
| ne te ark, Se es hee ote OV 
l | 
INTERNAL 
SYSTEM | | 
CLOCK | | 
We - 1p 7, le—p- tpiz 
3 OUTPUT | | ; Vec 
WAVEFORM 1 | (See Note B) 50% =| ane 
(See Note C) ihe No Boy SE, 
2 le—-PF tPHZ 
A OUTPUT | ook oo Von 
re) WAVEFORM 2 50% : 
ve (See Note C) OV 
oa 
ro) VOLTAGE WAVEFORMS FOR ENABLE AND DISABLE TIMES 
anh 
0 
= 
r¢>) 0 
< CLOCK 
S 
e DATA 
OUTPUT 
VOLTAGE WAVEFORM FOR DELAY TIME VOLTAGE WAVEFORM FOR 
RISE AND FALL TIMES 
1? an 8TH EOC 2.4V 
CLOCK CLOCK 0.8V | 
1 }¢——- taiEOC) 
}¢———- tPHL(EOC) 
! 2.4V 
EOC | < DATA OUT : 
0.4 0.4V | 
}¢— VALID MSB—> 


VOLTAGE WAVEFORMS FOR EOC TIMING 


NOTES: A. Cy = 50 pF for TLC543 and 100 pF for TLC544. 


B. ten = tPZH OF tpZL, tdis = tPHZ OF tPLz- 
C. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 


FIGURE 2. OPERATING CHARACTERISTICS 
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TLO543M, TLC543i, TLC544M, TLC5441 
8-BIT ANALOG-TO-DIGITAL PERIPHERALS 
WITH SERIAL CONTROL AND 5 INPUTS 


PRINCIPLES OF OPERATION 


introduction 


TLC543 and TLC544 are each complete data acquisition systems on a single chip. They include the functions 
of analog multiplexer, sample-and-hold, 8-bit A/D converter, data and control registers, and control logic. 
Flexible serial communication is achieved with a microprocessor or microcomputer using a TTL-compatible 
3-state Data Out and four control lines — Chip Select (CS), I/O Clock, Address Input, and End of 
Conversion (EOC) output. 


To maximize access speed, the device simultaneously writes the previous conversion result, reads a new 
multiplexer address, and acquires the analog signal. This is followed by the A/D conversion, whose end 
is signalled by the EOC output going high. These total access and conversion cycles are completed in a 
minimum of 22 us for the TLC543 and 25 us for the TLC544. Conversion can take place, in any order, 
on the five analog inputs or the built-in self-test system. 


The system clock, which drives the control logic and the switched-capacitor successive-approximation 
A/D converter, is internal to the device and typically runs at a frequency of 4 MHz. This internal system 
clock runs independently, and there are no required phase or frequency relationships with other signals. 


digital interface 


The I/O clock controls the acquisition of the analog signal as well as all serial data communications between 
the TLC543 or TLC544 and the host processor. From the host, this |/O clock consists of a burst of eight 
pulses separated by the conversion time. Timing may be achieved by Chip Select (CS) synchronously gating 
a continuous |/O clock or directly from the host with CS held low continuously. 


3 


With CS high, Data Out is in a high-impedance condition with the Address Input and I/O Clock input disabled. 
This feature allows the interface pins, with the exception of CS and EOC, to share a common bus with 
additional TLC543 or TLC544 devices or other members of the TLC543/544 family of devices. 


typical operating sequence 


Consider an access and conversion sequence where CS is being used: CS is brought low and recognized 
after the time out of the noise-rejection circuitry. The MSB of the result of the previous conversion appears 
at Data Out, whose 3-state output is enabled. The MSB of the new multiplexer address should be present 
at the Address Input to conform with the setup time, tsy(A), requirements before the first rising edge of 
the I/O clock. The multiplexer address is shifted in on the first three rising edges of the |/O clock. 
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The first seven falling edges of |/O CLOCK shift out the remaining seven bits of the previous conversion 
on DATA OUT. The eighth I/O clock falling edge returns the MSB to the Data Out. Optimum serial transfer 
takes place with the bit streams being read on the rising edges of the |/O clock for the respective devices 
and the Data Out and Address In lines. 


At the fourth falling edge of the I/O clock, the on-chip sample-and-hold begins to acquire the newly addressed 
analog input and continues until the eighth (and final) falling edge. A hold function is initiated by the eighth 
1/O clock pulse falling edge. To start the conversion at a specific point in time (or lengthen the acquisition 
time), the host processor may leave the eighth I/O clock pulse in the high state until the moment at which 
the analog signal must be sampled. After bringing the eighth I/O pulse low, the A/D function is performed 
in the next 36 internal system clock cycles. 


In applications where CS is held low continuously, the bursts of eight I/O clock pulses should be timed 
to be at least teony apart. 
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cs input 


To minimize bus contention caused by noise enabling the 3-state Data Out, when the CS input is brought 
low, the device waits for two rising edges and a falling edge of the internal system clock before recognizing 
the CS transition. Hence, the setup time tsu(CS) should be observed when using the CS input. This also 
applies to a CS high-to-low transition, except for disabling DATA OUT, which goes into a high-impedance 
state immediately within the tgis specification (see Figure 3). If this interruption of CS in the low state 
is less than 1.5 internal system clock cycles, and hence not recognized, DATA OUT will be immediately 
enabled with the return of CS to the low state. DATA OUT becomes enabled after a CS high-to-low transition 
in time ten (equivalent to tsy(Cs) for this device). 


CS can be brought high during a conversion without affecting the ongoing conversion but must remain 
high until the end of conversion. Otherwise, a CS falling edge causes a reset condition that aborts 
the conversion in progress. When a new access cycle starts, the previous conversion result is output. 


A new conversion may be restarted by toggling CS high-to-low at least tsu(CS) before the eighth falling 
edge of the I/O clock. The ongoing access cycle is aborted. Again, when a new access cycle starts, the 
previous conversion result is output. 


end of conversion output (EOC) 


EOC goes low at propagation delay time, tPHL(EOC), after the 8th falling edge of the I/O clock and goes 


3 high when conversion is complete. At this time, the MSB is available at Data Out; however, if CS is high, 
it is necessary to bring CS low and wait for the CS recognition time before Data Out is available, 

oe since Data Out is in a high-impedance state when CS is high. Delay time, tq(EQOC), of EOC to Data Out 

= is a negative value of 4 internal system clock cycles less internal propagation delay because the EOC signal 

4 is output after 40 internal system clock cycles, whereas conversion is complete with data available after 

Cc 36 cycles. 
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D2982, FEBRUARY 1987 —-REVISED JANUARY 1989 


e Advanced LinCMOS™ Technology J OR N DUAL-IN-LINE PACKAGE 
(TOP VIEW) 


® Self-Calibration Eliminates Expensive 


Trimming at Factory and Offset Adjustment DGTL Vcc 
in the Field D12 
@ 12-Bit Plus Sign Bipolar or 12-Bit Unipolar a 
@ +1/2 and +1 LSB Linearity Error in Unipolar D9 
Configuration D8 
D 
@ 10 us Conversion Time (clock = 2.6 MHz) 9 1/O 
@ Compatible with All Microprocessors os/pis | BUS 
D4/DI4 
e True Differential Analog Voltage Inputs D3/D13 
® Oto 5 V Analog Voltage Range with Single D2/D12 
5-V Supply (Unipolar Configuration) D1/DI1 
DO/DIO 


e -—5Vto 5 V Analog Voltage Range with 
+5-V Supplies (Bipolar Configuration) 


@ Low Power...25 mW Maximum 
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description 


The TLC1225A and TLC1225B converters are manufactured with Texas Instruments highly efficient Advanced 
LinCMOS™ technology. Either of the TLC1225A or TLC1225B CMOS analog-to-digital converters can be 
operated as a unipolar or bipolar converter. A unipolar input(0 to 5 V) can be accommodated with a single 5-V 
supply; a bipolar input (—5 V to 5 V) requires the addition of a 5-V negative supply. Conversion is performed 
via the successive-approximation method. The TLC1225A and TLC1225B output the converted data in a 
parallel word and interfaces directly to a 16-bit data bus. Negative numbers are given in the two’s complement 
data format. All digital signals are fully TTL and CMOS compatible. 


These converters utilize a self-calibration technique by which seven of the internal capacitors in the capacitive 
ladder of the A/D conversion circuitry can be automatically calibrated. The internal capacitors are calibrated 
during anonconversion, capacitor-calibrate cycle in which all seven of the internal capacitors are calibrated at 
the same time. A conversion requires only 10 us (2.6 MHz clock) after the nonconversion, capacitor- 
calibrating cycle has been completed. The calibration or conversion cycle may be initiated at any time by 
issuing the proper command word to the data bus. The self-calibrating technique eliminates the need for 
expensive trimming of thin-film resistors at the factory and provide excellent performance at low cost. 
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The TLC1225AM and TLC1225BM are characterized for operation over the full military temperature range of 
—55°C to 125°C. The TLC1225Al and TLC1225BI are characterized for operation from —40°C to 85°C. 


Advanced LinCMOS™ is a trademark of Texas Instruments Incorporated 
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operation description 
calibration of comparator offset 


The following actions are performed to calibrate the comparator offset: 


1. The IN+ and IN— inputs are internally shorted together in order that the comparator input is zero. A 
course comparator offset calibration is performed by storing the offset voltages of the interconnecting 
comparator stages on the coupling capacitors that connect these stages. Refer to Figure 1. The storage 
of offset voltages is accomplished by closing all switches and then opening switches A and A’, then 
switches B and B’, and then C and C’. This process continues until all interconnecting stages of the 
comparator are calibrated. After this action, some of the comparator offset still remains uncalibrated. 


; pe : ee : ew 
| 
—- 


A’ oe 


B’ 
laws Fens lug 


FIGURE 1 


2. An A/D conversion is done on the remaining offset with the 8-bit calibration DACs and 8-bit SAR and the 
result is stored in the RAM. 


capacitor calibration of the ADC’s capacitive ladder 


The following actions are performed to calibrate capacitors in the 13-bit DACs that comprise the ADC’s 
capacitive ladder: 


1. The IN+ and IN— inputs are internally disconnected from the 13-bit capacitive DACs. 

2. The most significant bit (MSB) capacitor is tied to REF, while the rest of the ladder capacitors are tied to 
GND. The A/D conversion result for the remaining comparator offset, obtained in Step 2 above, is 
retrieved from the RAM and is input to the 8-bit DACs. 

3. Step 1 of the Calibration of Comparator Offset sequence is performed. The 8-bit DAC input is returned to 
zero and the remaining comparator offset is then subtracted. Thus, the comparator offset is completely 
corrected. 

4. Now the MSB capacitor is tied to GND, while the rest of the ladder capacitors, Cy, are tied to REF. An 
MSB capacitor voltage error (see Figure 2) on the comparator output will occur if the MSB capacitor 
does not equal the sum of the other capacitors in the capacitive ladder. This error voltage is converted to 
an 8-bit word from which a capacitor error is computed and stored in the RAM. 

5. The capacitor voltage error for the next most significant capacitor is calibrated by keeping the MSB 
capacitor grounded and then performing the above Steps 1-4 while using the next most significant 
capacitor in lieu of the MSB capacitor. The seven most significant capacitors can be calibrated in this 
manner. 
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Vref (Step 3) 
GND (Step 4) 


F scents 


ed Ser 
CmsB + Cx 


MSB CAPACITOR 
VOLTAGE ERROR 
(Step 4) 


GND (Step 3) 
Vref (Step 4) 


FIGURE 2 


analog-to-digital conversion 


3 The following steps are performed in the analog-to-digital conversion process: 
1. Step 1 of the Calibration of Comparator Offset Sequence is performed. The A/D conversion result for the 
0 remaining comparator offset, which was obtained in Step 2 of the Calibration of Comparator Offset, is 
me retrieved from the RAM and is input to the 8-bit DACs. Thus the comparator offset is completely 
oO 
o. corrected. 
= 2. IN+ and IN— are sampled onto the 13-bit capacitive ladders. 
QO 3. The 13-bit analog-to-digital conversion is performed. As the successive-approximation conversion 
proceeds successively through the seven most significant capacitors, the error for each of these 
a capacitors is recovered from the RAM and accumulated in a register. This register controls the 8-bit 
eS DACs so the total accumulated error for these capacitors is subtracted out during the conversion 
“4 process. 
= absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 
Supply voltage ANEG Vces.and DG Vec) (see- Nolo dy) oso. wie) ek eons atko ete eet ne 15V 
LEH VOUMCE PGUR aed ess. tit Te ti a a NE ye gta isti@arate Loa al aad \Re Pua gk peak ee mpeoie ana -15V 
COMPO! HEI) Col AIETE MLAOIG TANGO: ar 2 ai ccd. 5 vo ag bite dewtaral oie’ cha lage Bodies te ee was -0.3 Vto +15 V 
Analog input (IN+, IN—) voltage range, 
RUE CRO tt 8 Tice aa ata © gon: Bate Ege) C0. ge eee ANLG Voc-— —0.3 V to ANLG Voc+ +0.3 V 
PIOLeICe VONRAGO LANG aE. oy hdnel ic Guy: & Sn ghee Raarang shoe auikd weds —0.3 V to ANLG Voc+ +0.3 V 
PFE, AO een: PEA ESI MES hy See SN ahs igh va, ad Sua tata aan wth acre a aa he -—0.3 V to ANLG Voc+ +0.3 V 
CEE SGI TIC l eh ace a Uecy eg wes twos, a lacey Aue SGA Ee Oe ae ee -0.3 V to DGTL Vcc +0.3 V 
MOSES ST Tegel = Bo, [9s LAM MCC BS aR IC tek, Jee co ae ESR RRR ip eed coe TINA STS 6 TR hee +5 mA 
uh Re TRY Te Cet kG Fee lo AN Rt Ra MARR aR RY GAS See AR le Fe Pie tee hc Me Ma RR tae ord Ree PE +20 mA 
Operating free-air temperature range: 
Le NA eh MON? cca i cao in cs Wanda Pa eRe Case ied Lied eee —55°C to. 128°C 
ig iy ed so 2) Fee UN ORs 2) 2 | A er eRe men iene acm AR nr tae etn Deere muna Z —40°C to 85°C 
EC iS Aaa romero ante 5°, es ist ng Ae a a ee ROE ee ae Rae ep hs =65°C 16 180° 
Lead temperature 1,6 mm (1/16 inch) from the case for 60 seconds: J package .............. 300°C 
Lead temperature 1,6 mm (1/16 inch) from the case for 10 seconds: N package ............ 260°C 


NOTE 1: All analog voltages are referred to ANLG GND and all digital voltages are referred to DGTL GND. 
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recommended operating conditions 
UNIT 


ep) 


ANLG Voc+ 4.5 
ANLG Voc-— 


DGTL Vcc 4.5 


High-level input voltage, Vj, all digital inputs except CLK IN 
(Voc = 4.75 V to 5.25 V) 


Low-level input voltage, Vj, all digital inputs except CLK IN 08 


ce 
(Vcc = 4.75 V to 5.25 V) 

ANLG Vcc — 0.05 ANLG Vcc + 0.05 
eas. 
mes 
Genes 
ng 


> 
Fra 
i: 
i?) 
@) 
Pas 
oO 


Supply voltage 


[o> 


| 


Aaa cit Wey Bipolar range 
Jes ah pei alae eat Unipolar range ANLG GND — 0.05 ANLGVoc4 + 0.05 


Pin 7 (TIE HIGH) 2 V 
Clock input frequency, folock eat 0.3 2.6 MH 
Clock duty cycle 40% 60% 

Pulse duration, CS and WR both low, ty (CS-WR) 50 n 


Setup time before WRf or CS}, tsy 
Hold time after WRf or CSF, th 


; TLC1225AM, TLC1225BM =§5 125 r 
Operating free-air temperature, Ta TLOIDD5Al TLO1D95BI =p 56 C 


electrical characteristics over recommended operating free-air temperature range, 
ANLG Vcc+ = DGTLVCC = Vref = 5V, ANLG VCC— = —5 V (for bipolar input range), 
ANLG Vcc — = ANLG GND (for unipolar input range) (unless otherwise noted) (see Note 2) 


PARAMETER TEST CONDITIONS MIN 
lo = -1.8 mA 2.4 
: DGTL Veg = 4.75 V 
| Io = —50 pA 4.5 
V 


OH 
OL Low-level output voltage DGTL Vcc = 4.75 V, lo =8mA 
T+ 
T= 


MAX | UNIT 


High-level output voltage 


o 
p 


V Clock positive-going threshold voltage oe 3.5 
V Clock negative-going threshold voltage ee ee aaa 1.4 Zt 


VT+ min — VT — max 


Clock input hysteresis 


VT+ max — V7T— min 


Be aes 
Input resistance, REF terminal Q 
liH High-level input current Vj =5V 1 A 
He Low-level input current Vi = pA 
ine. High-impedance-state Vo = 
Output leakage current Vo =5V 3 
Vo = “55 
he Output current Mane ay e Sey neeerepaeer =« mA 
DGTLIcc Supply current from DGTL Voc folk = 2.6 MHz, CS high 3 
[ANLG Ioc+ Supply current from ANLG Voc + folk = 2.6 MHz, CS high 3 mA 
ANLGIcc— Supply current from ANLG Vcc folk = 2.6 MHz, CS high -3 | mA 
NOTE 2: Bipolar input range is defined as: Vj4 = —5.05 Vto 5.05 V, Vj_ = —5.05 Vto 5.05 V, and | Vj, — Vj~ | s 5.05 V. The unipolar input 
voltage range is defined as: Vj4 = —0.05V to 5.05 V, Vi- = -0.05 Vto 5.05 V, and | Vj4 — Vj- | s 5.05 V. 
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operating characteristics over recommended operating free-air temperature range, 
ANLG Vcc+ = DGTL Vcc = Vref = 5 V, ANLG Vcc— = —5 V (for bipolar input range), 


ANLG Vcc— = ANLG GND (for unipolar input range), folock = 2.6 MHz (unless otherwise 
noted) (see Note 2) 


PARAMETER TEST CONDITIONS 


Linearity error 
ape TLO1225A 


TLC1225B 


Zero error 


Adjusted positive and negative 
full-scale error (see Note 3) 
Adjusted positive and negative 
full-scale error (see Note 4) 


Temperature coefficient of gain 
Temperature coefficient of offset point 


Unipolar input range 


Bipolar input range 


Zero error 


: Supply voltage Positive and negative ANLG Voc+ = 5V + 5%, 
SVS sensitivity full-scale error ANLG Voc- = -SV + 5%, 
DGTL Vcc = 5V + 5% 


3 Linearity error ~ 
tc Conversion time (1/fc}_) 
in | ' Access time (delay from falling edge of 
5 “3 CS:RD to data output) 
Qa. es Disable time, output (delay from rising 
c dis edge of RD to high-impedance state 
° td(READY) RD or WR to READY OUT delay 
"taint RD or WR to reset of INT delay 
® 
<€ NOTES: 2. Bipolar input range is defined as: Vj, = —5.05 Vto 5.05 V, Vj_ = —5.05 V to 5.05 V, and |Vj 4. -Vj_-| = 5.05 V. The unipolar input 
O voltage range is defined as: Vj, = —0.05 V to 5.05 V, Vj = —0.05 V to 5.05 V, and |Vj4 —Vj_| s 5.05 V. 
Ss 3. See the Positive and Negative Full-Scale Adjustment section, Unipolar Inputs. 
Ow 4. See the Positive and Negative Full-Scale Adjustment section, Bipolar Inputs. 
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TLO1225A, TLO1225B 
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ANALOG-TO-CONVERTERS 
PARAMETER MEASUREMENT INFORMATION 
DGTL 
Vcc 
_ DATA ea 50% ff 90% 
OUTPUT an 10% 
ot ee tdis 
VOH 90% 
= = = DATA OUTPUT 
DGTL auy 
Vcc 
(el, 
Ri y 
- DATA a 50% fF 90% 
a OUTPUT ait 10% 


tdis 
Vice 
= = ATA OUT 
R 10% 
VOL 


FIGURE 4. LOAD CIRCUITS AND WAVEFORMS 


PRINCIPLES OF OPERATION 
power-up Calibration sequence 


Power-Up calibration is not automatic and calibration is initiated by writing control words to the six least 
significant bits of the data bus. If addressed or initiated, conversion can begin after the first clock cycle. 
However, full A/D conversion accuracy is not established until after internal capacitor calibration. 


conversion start sequence 


The writing of the conversion command word to the six least significant bits of the data bus, when either CS or 
WR goes high, initiates the conversion sequence. 


analog sampling sequence 


Sampling of the input signal occurs during clock cycles 3 thru 10 of the conversion sequence. 


completed A/D conversion 


When INT goes low, conversion is complete and the A/D result can be read. A new conversion can begin 
immediately. The A/D conversion is complete at the end of clock cycle 27 of the conversion sequence. 


aborting a conversion in process and beginning a new conversion 
lf a conversion is initiated while a conversion sequence is in process, the ongoing conversion will be aborted 
and a new conversion sequence will begin. 

reading the conversion result 


When both CS and RD go low, all 13 bits of conversion data are output to the I/O bus. The format of the output 
is extended sign with 2’s complement, right justified data. For both unipolar and bipolar cases, the sign bit 
D12 is low if Vj4_ — Vj— is positive and high if Vj 4+ — V\— is negative. 
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general 
reset INT 


When reading the conversion data,-the falling edge of the first low-going combination of CS and RD will reset 
INT. The falling edge of the low-going combination of CS and WR will also reset INT. 


ready out 


For high-speed microprocessors, READY OUT allows the TLC1225 to insert a wait state in the 
microprocessor’s read or write cycle. 


reference voltage (Vref) 


This voltage defines the range for | Viz — Vj— |. When | V;+ — Vj— | equals Vref, the highest conversion data 
value results. When | Vj4 — V|— | equals 0, the conversion data value is zero. Thus, for a given input, the 
conversion data changes ratiometrically with changes in Vref. 


TIE HIGH 
This pin is a digital input and should be tied high. 


calibration and conversion considerations 


Calibration of the internal capacitor and A/D conversion are two separate actions. Each action is 
independently initiated. A calibration command that calibrates all seven internal capacitors is normally issued 
before conversion. A conversion command then initiates the A/D conversion. Subsequent conversions can be 
performed by issuing additional conversion commands. The calibration and conversion commands are totally 
independent from one another and can be initiated in any order. Calibration and conversion commands 
require 105 and 27 clock cycles, respectively. 


The calibrate and conversion commands are initiated by writing control words on the six least significant bits 
of the data bus. These control words are written into the IC when either CS or WR goes high. The initiation of 
these commands is illustrated in the Timing Diagram. The bit patterns for the commands are shown in 
Table 1. 


TABLE 1. CONVERSION COMMANDS 


/O BUS REQUIRED NUMBER 
OF CLOCK CYCLES 


DI5 DI4 DI3 Di2 Di1 DIO 
Conversion 3 H L X X X L 27 
Calibratet t L X E L L L 105 


TCalibration is lost when clock is stopped. 


analog inputs 
differential inputs provide common-mode rejection 


The differential inputs reduce common-mode noise. Common-mode noise is noise common to both IN+ and 
IN— inputs, such as 60-Hz noise. There is no time interval between the sampling of the IN+ and IN— so these 
inputs are truly differential. Thus, no conversion errors result from a time interval between the sampling of the 
IN+ and IN— inputs. 


input bypass capacitors 


Input bypass capacitors may be used for noise filtering. However, the charge on these bypass capacitors will 
be depleted during the input sampling sequence when the internal sampling capacitors are charged. Note 
that the charging of the bypass capacitors through the differential source resistances must keep pace with the 
charge depletion of the bypass capacitors during the input sampling sequence. Higher source resistances 
reduce the amount of charging current for the bypass capacitors. Also, note that fast, successive conversion 
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will have the greatest charge depletion effect on the bypass capacitors. Therefore, the above phenomenon 
becomes more significant as source resistances and the converssion rate (i.e., higher clock frequency and 
conversion initiation rate) increase. 


In addition, if the above phenomenon prevents the bypass capacitors from fully charging between 
conversions, voltage drops across the source resistances will result due to the ongoing bypass capacitor 
charging currents. The voltage drops will cause a conversion error. Also, the voltage drops increase with 
higher | Viz — V|— | values, higher source resistances, and lower charge on the bypass capacitors (i.e., faster 
conversion rate). 


For low-source-resistance applications (Rsource < 100 2), a 0.001-uF bypass capacitor at the inputs will 
prevent pickup due to the series lead inductance of a long wire. A 100-2© resistor can be placed between the 
capacitor and the output of an operational amplifier to isolate the capacitor from the operational amplifier. 


input leads 


The input leads should be kept as short as possible, since the coupling of noise and digital clock signals to the 
inputs can cause errors. 


power supply considerations 


Noise spikes on the VCC lines can cause conversion error. Low-inductance tantalum capacitors (> 1 WF) with 
short leads should be used to bypass ANLG Vcc and DGTL Vcc. A separate regulator for the TLC1225A or 
TLC1225B and other analog circuitry will greatly reduce digital noise on the supply line. 


positive and negative full-scale adjustment 


unipolar inputs 


Apply a differential input voltage that is 0.5 LSB below the desired analog full-scale voltage (VFS) and adjust 
the magnitude of the REF input so that the output code is just changing from 0111111111110 to 
0111111111111. If this transition is desired for a different input voltage, the reference voltage can be 
adjusted accordingly. 


bipolar inputs 
First, follow the procedure for the unipolar case. 


Second, apply a differential input voltage so that the digital output code is just changing from 
1 0000 0000 0001 to 1 0000 0000 0000. Call this actual differential voltage Vx. The ideal differential voltage 
for this transition is: 

VFS (1) 


—V + —— 
i 8192 


The difference between the actual and ideal differential voltages is: 
VFS (2) 


Delta = Vy -[-—Ves + —— 
ss FS 8192 


Then apply a differential input voltage of: 


and adjust Vref so the digital output code is just changing from 1 0000 0000 0001 to 1 0000 0000 0000. This 
procedure produces positive and negative full-scale transitions with symmetrical minimum error. 
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TLO1225A, TLO1225B 
SELF-CALIBRATING 12-BIT-PLUS-SIGN UNIPOLAR OR BIPOLAR 
ANALOG-TO-DIGITAL CONVERTERS 


TYPICAL APPLICATIONS 


(4095) O 1111 1111 1111 


(4094) 0 1111 1111 1110 POSITIVE 
FULL-SCALE 
TRANSITION 
ZERO TRANSITION ae - 
- 
- 
- 
- 
wu (2) 0 0000 0000 0010 ae 
ro) (1) 0 0000 0000 0001 
= (0) 0 0000 0000 0000 
a 
iS 5449 1014 4194 1 +4) 
3 11111 1111 1110 (-2) 
-_ 
- 
- 
> a 
- 
a 


1 0000 0000 0001 (- 4095) 
NEGATIVE FULL-SCALE TRANSITION 1 0000 0000 0000 (- 4096) 


3 


ANALOG INPUT VOLTAGE [Vjni +) - Vin(—)) 


FIGURE 5. TRANSFER CHARACTERISTIC 


D 


(~) SIGNAL IN 


SEE NOTE A 


Product Previews 


SIGNAL GND 


> POWER GND 


NOTES: A. The analog input must have some current return path to ANALOG GND. 
B. Bypass capacitor leads must be as short as possible. 


FIGURE 6. ANALOG CONSIDERATIONS 
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TLO1225A, TLO1225B 


SELF-CALIBRATING 12-BIT-PLUS-SIGN UNIPOLAR OR BIPOLAR 
ANALOG-TO-DIGITAL CONVERTERS 


TYPICAL APPLICATIONS (Continued) 


5V 


IN( +) ANLG Vcc + 


TLC1225A 
TLC1225B 


FIGURE 7. INPUT PROTECTION 


5 V 


IN( +) ANLG Vcc + 


SEE NOTE B 
500 0) 
ZERO 
ADJ 


IN(—) SEE NOTE A 


DGTL Vcc 
TLC1225A 
TLC1225B 


500 2) 


3.9 kQ 


TIE HIGH 


SMOIIADIdg JONPOld i 


Vref 


NOTES: A. Vj_ = 0.15 x ANLG Vcc. 
B. 15% of ANALOG Vcc < VxpR < 85% of ANALOG Vcc. 


FIGURE 8. OPERATING WITH RATIOMETRIC TRANSDUCERS 
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TLE5502 
8-BIT ANALOG-TO-DIGITAL CONVERTER 


D3220, FEBRUARY 1989 


8-Bit Resolution N PACKAGE 


0.2% Linearity (TOP VIEW) 
DGTL GND[]1 J22[] ANLG GND 
(LSB) DO[ }2 21 ]DGTL Vpp 


Maximum Conversion Rate ... 25 MHz Typ 


OSM etan D1(]3 ~~. 20 JANLG Vpp 
@® Analog Input Voltage Range... D2| Ja 19] |REFB 
Vec to Vcc -2V D3[j5 18| ]ANLG INPUT 


D4| |6 17|-] ANLG INPUT 


@ Analog Input Dynamic Range...2Vto5V psf 16 TREFM 
@ TTL Digital I/O Level D6[ |8 15] |] REFT 
; (MSB) D7{[ J9 14[ ]ANLG Vpp 
@ Low Power Consumption... 200 mW Typ CLKAf10 «13 A}DGTL Vop 
@ 5-V Single-Supply Operation DGTL GND[]11 127] ANLG GND 
@ Interchangeable with Fujitsu MB40578 
description 


The TLC5502 is a low-power ultra-high-speed video-band analog-to-digital converter that uses the 
LinEPIC™ 1-um CMOS process. It utilizes the full-parallel comparison (flash method) for high-speed 
conversion. It converts wide-band analog signals (such as a video signal) to a digital signal at a sampling 
rate of dc to 30 MHz. Because of such high-speed capability, the TL5502 is suitable for digital video 
applications such as digital TV, video processing with a computer, or radar signal processing. 


2 


The TL5502 is characterized for operation from O°C to 70°C. > 
functional block diagram 2 
> 
® 
ux —| > ce 
ANLG INPUT . 5 
REFT V =f 
Tb 
D7 (MSB) e) 
arn 
ou 
D6 
D5 
LATCH 
255T0 8 AND D4 
ENCODER BUFFER 
REFM D3 
D2 
D1 
DO (LSB) 
REFB 
LinEPIC is a trademark of Texas Instruments Incorporated. 
PRODUCT PREVIEW documents contain information , Copyright © 1989, Texas Instruments Incorporated 
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TLO5502 
8-BIT ANALOG-TO-DIGITAL CONVERTER 


equivalents of analog input circuit 


ANALOG INPUT SAMPLE AND HOLD 


SS) 


SAMPLE 
AND 
HOLD 
CIRCUIT 


equivalent of digital input circuit 


DGTL Vpp 


d ynpolg Rev 


SMOdIADI 
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TLO5502 
8-BIT ANALOG-TO-DIGITAL CONVERTER 


FUNCTION TABLE 


ein ANALOG INPUT DIGITAL OUTPUT 
VOLTAGEt CODE 


tThese values are based on the assumption that VrefB and 
Vreff have been adjusted so that the voltage at the 
" transition from digital O to 1 (VzT) is 2.964 V and the 
transition to full scale (VET) is 4.996 V. 1 LSB = 8 mV. 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage Fore, Ana wie) | 6S ce ne ss ee & ee te es eR ee -0.5 V to 7.V 
Pane y Aree FANGS, US GPU. 50a coe oa eee cls BCs bo RE A Gia ey in EOE -0.5 Vto 7 V 3 
Pepin Vor ee- cance cal cicattar iit, Vie 5-0 oS cs oe we re ee a es -0.5 V to 7-V 
Input Volrtgee-tange-at anaied-Mput.<Vi i. ag Se a a ee —-0.5 V to ANLG Vpp+0.5 V 
Analog reference voltage range, Vref... . 2... 2.0. eee ee ee -—0.5 V to ANLG Vpp +0.5 V > 
Operating: 1ee-ar temperaturesenge-. 4... cc. eh as cs ba eee ee ba kee ees O°C 16-7046 ® 
Bierace temperatire (ange... ss 6 do oe ee oe a ea ha ee —55°C to TSO%C 'S 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds.................2000- 260°C @ 
tm 
recommended operating conditions a 
© 
= 
ae) 
2) 
Base 
Q. 
Operating free-air temperature, Ta @) 
TEXAS a3 
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TLC5502 
8-BIT ANALOG-TO-DIGITAL CONVERTER 


electrical characteristics over operating supply voltage range, TA = 25°C (unless otherwise noted) 


WH Digital high-level input current 1 
I Digital input current 
: 


A neve a lg ee eee 
fae enn oenaae ert ee eee ee 


timing diagram 


3 


¢— twH 4+" twL—_9 


INPUT 


d 190npoig 
2) 
- 
yg 
E 
qe 
se 
Z 


ANALOG | | N+1 | | 


SMAIAOQI 
- 
a 


: | 
DATA DATA DATA 
sib ti aL da 
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TLO5502 
8-BIT ANALOG-TO-DIGITAL CONVERTER 


TYPICAL CHARACTERISTICS 


IDEAL CONVERSION CHARACTERISTICS 
TUEEA191 


ye ae 


10000001 
ees ees a) "P 


Digital Output Code 


00000001 
00000000 


3 


FIGURE 1 


END-POINT LINEARITY ERROR 


Pane siecle | op bag 
eet let | qlee 
a 253 
Pei Sc bel sree 

| 


PUTTER 


11111110 


11111101 


Nh 
an 
Product Previews 


e 

e 

e 
10000001 
10000000 


01111111 


Digital Output Code 


e 

& 

e 
00000010 


00000001 
00000000 


V;—Analog Input Voltage—V 


FIGURE 2 


NOTE 2: This curve is based on the assumption that Vrefg and VreftT have been adjusted so that the voltage at the transition from 
digital O to 1 (VzT) is 4.000 V and the transition to full scale (VET) is 4.992 V. 1 LSB = 16 mV. 
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TLC5502 
8-BIT ANALOG-TO-DIGITAL CONVERTER 


PARAMETER MEASUREMENT INFORMATION 


MEASUREMENT 
POINT Vcc 
RE = 2k2 
TO) = 5) 
DIGITAL 
OUTPUT 
CL = 15 pF 


/ 


FIGURE 3. LOAD CIRCUIT 
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TLO5602 
LinEPIC™ 8-BIT DIGITAL-TO-ANALOG CONVERTER 


D3224, FEBRUARY 1989 


8-Bit Resolution N 


DUAL-IN-LINE PACKAGE 
+0.2% Linearity (TOP VIEW) 
Maximum Conversion Rate... 

30 MHz Typ ANLG GND[41 181] DO (LSB) 


20 MHz Min DGTL VppLj2 17[] D1 
COMP| }3 16} | D2 

REF| }4 15} |] D3 

ANLG Vpp[]5 _—.14[.] D4 
TTL Digital Input Voltage A OUT| {6 13] | D5 
ANLG VppLj7 __12{_] D6 


DGTL Vpp| ]8 11, ] D7 (MSB) 
Low Power Consumption .. . DGTL GND[ }9 10] ] CLK 
80 mW Typical 


@ Interchangeable with Fujitsu MB40778 


te OUTPUT 

iaaiadl 
The TLC5602 is a low-power ultra-high speed 
video digital-to-analog converter that uses the 
LinEPIC™ 1-u4m CMOS process. The TL5602 
converts digital signals to analog signals at a 
sampling rate of dc to 20 MHz. Because of high- 


@ Analog Output Voltage Range of 
Vcc to Vcc - 1V 


5-V Single Power Supply Operation 


= 


speed operation, the TLC5602 is suitable for ") 
digital video applications such as digital 3 
television, video processing with a computer, 2 
and radar-signal processing. a 
The TLC5602 is characterized for operation from 0. 
OME 16 2OPk. tTFor Vpp = 5 V, Vref = 3.976 V. ae 
O 
functional block diagram = 
COMP i 
. 
REF 2 
CURRENT 
BUFFER SWITCHES 
DRIVER WITH 
WITH RESISTOR 
CLK [> REGISTER 
A OUT 
p7-D0—f- Se =] DECODE bes 3 ey 9 
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PRODUCT PREVIEW documents contain information F Copyright © 1989, Texas Instruments Incorporated 
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TLCO5602 
LinEPIC™ 8-BIT DIGITAL-TO-ANALOG CONVERTER 


schematic of digital input and analog output 


EQUIVALENT OF EACH DIGITAL INPUT EQUIVALENT OF ANALOG OUTPUT 


DGTL DGTL 
Vpp Vpp 


TANLG GND and DGTL GND are not connected internally and should be tied together as close to the device as possible. 


3 absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply: voltage range, ANLG: Vpp,; DGTE-VppD... 2 soe ra eee ane oe -0.5 V to 7.V 
“ry Parcs WOR MOO fame VI o.s s aie at ees -<, s& & sche cpt aeok & ss Soe een —O:5'V to. 7 V. 
—t Praiog teterence voltage range; Vref. os... ae Sl wees ee es 3.5 V to Vpp + 0.5 V 
3 Operating tree-at temparauire (ange cs 6 4 oo cc eee we lee eee ee O°C to- 70°C 
c Certs tats CISC ITU Bs a en enh tos os 5 neo lr he) eee ~ 55°C 16 156°C 
QO Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds...................00. 260°C 
a recommended operating conditions 
@ 
a ee eee eee eee Fe 
o 
$ 
0 
Pwnage My 8 ee 
etulps cretion, CHIC Tigh ce sauaicci get 85 ee a a Ieee 
Bethe time, sete High befaeGiRiyie a ee 
Siiakd nbs dow high bree chiay | Vita ee 


Phase compensation capacitance, Cegmp (see Note 2) eee RSS ees | 
Operating free-air temperature, Ta 


NOTES: 1. Vre¢ should be greater than or equal to Vpp — 1.2 V. 
2. The phase compensation capacitor should be connected between COMP and ANLG GND. 
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TLO5602 
LinEPIC™ 8-BIT DIGITAL-TO-ANALOG CONVERTER 


electrical characteristics over recommended ranges of supply voltage and operating free-air temperature 
(unless otherwise noted) 


PARAMETER TEST CONDITIONS 
High-level input current Vpp = 5.25 V, Vj = 2.7 V ae ees oS 
Low-level input current Vpp = 5.25 V,V; = 0.4 V 


NH 

NL : 

<.  aae 
60 100 
Te; Input capacitence ——=sSS«d|~Ctclock = MHz, Ta= 25°C |S SSCSC*dCSCi CS 
Vret = 4.05 V 


FE, _tnearity enor, bestatreigntine +f 
ey anealty oor ates 
NTSC 40 IRE modulated ramp, 

cs 


Settling time to within “%LSB iC 10 pF 


OW 


ts 


TAIl typical values are at Vpp = 5 V and Ta = 25°C. 


” 
S 
PARAMETER MEASUREMENT INFORMATION = 
2 
k¢—-t.,, —e_9+-—- tp, a. 
| | 

=) 
a eh. eS Ss 

| | 
CLK 50% 50% 50% Oo. 


A OUT 


FIGURE 1. VOLTAGE WAVEFORMS 
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TLO5602 


LinEPIC™ 8-BIT DIGITAL-TO-ANALOG CONVERTER 


TYPICAL CHARACTERISTICS 
IDEAL CONVERSION CHARACTERISTICS 
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o Digital Input Code 
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BEST-STRAIGHT-LINE LINEARITY ERROR 
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TLO7533, AD7533 
Advanced LinCMOS™ DUAL 10-BIT MULTIPLYING 
DIGITAL-TO-ANALOG CONVERTERS 


D2166, OCTOBER 1986—REVISED FEBRUARY 1989 


® Advanced LinCMOS” Silicon-Gate TLC7533 ... D OR N PACKAGE 
Technology AD7533 ...N PACKAGE 
(TOP VIEW) 


@ Monotonic Over the Entire A/D Conversion 
Range 


Fast Settling Time 
CMOS/TTL Compatible 


Four-Quadrant Multiplication 


Designed to be Interchangeable with Analog 
Devices AD7533, AD7520, and PMI 
PM-7533 


KEY PERFORMANCE 
SPECIFICATIONS 
Resolution 10 Bits 
1/2 LSB 


30 mW 
150 ns 


FN CHIP CARRIER PACKAGE 
(TOP VIEW) 


Ke 
sal 
O 
ia 
2 


Linearity Error 


oO w 
eh 
Gc 
GRD jp ES 


N 
_ 
a) 
O 
Laid 
3 


O 
ee 
Power Dissipation 


20 19 


Settling Time 


GND {J 4 18[] Vpp 
description (MSB) BIT 1[J 5 17[]BIT 10 (LSB) 3 
NCJ 6 16[] NC 
The TLC7533 and AD7533 are Advanced BIT 2f)7 15[] BIT 9 
LinCMOS™ 10-bit digital-to-analog converters BIT 38 14[]BIT 8 ” 
featuring two- and four-quadrant multiplication. 9 11 S 
oe Ree ¥ om 2 est ea f«b) 
The TLC7533 and AD7533 are functionally se eS S 
equivalent to the AD7520 and have the same 55 US ® 
pinout. Texas Instruments advanced thin-film- Qa. 
on-monolithic-CMOS fabrication process NC — No internal connections ~ 
provides 10-bit linearity without laser trimming. oO 
AVAILABLE OPTIONS se 
The TLC7533 and AD7533 feature TTL or ST 
CMOS compatibility with low input leakage BEERATING © 
currents from 5-V to 15-V power supplies. TEMPERATURE o. 
Output scaling is provided by an_ internal oe vi ona 
feedback resistor and an external operational TROIS AEG pD, ENN Ca G ROr LO 
amplifier. Either positive or negative reference tLe = 4B 166" 
voltages can be used. pair SW BRC 
AD7533L O°C 10: 70°C 
The TLC7533C and AD75331 are characterized : 
for operation from —25°C to 85°C. The reste ns sees ondeces ses 
TLC7533L and AD7533C are characterized for beckage. 
operation from O°C to 70°C. 
Advanced LinCMOS is a trademark of Texas Instruments Incorporated. 
PRODUCT PREVIEW information concerns products = Copyright © 1986, Texas Instruments Incorporated 
in the formative or design phase of development. j 
Sees Tesas leap unants seiacvec Corgi ta conan TEXAS Ww 3-65 
or discontinue these products withent netic. IN STRUMENTS 


POST OFFICE BOX 655012 * DALLAS, TEXAS 75265 


TLC7533, AD7533 
Advanced LinCMOS™ DUAL 10-BIT MULTIPLYING 
DIGITAL-TO-ANALOG CONVERTERS 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


SUDO Voltage; Vor see NOG Togs. es... eee ee. . a deaniotee es —-0:3 V to 17-V 
Digital input Vollege,-Vijw... 6. ca-scastewes. ss. ss OM a ue SHEE ee, —0.3 to Vpp + 0.3 V 
Citi vintene et 1 A. so °C; OUT egg OUl2 ... Speoesi, «io cneemtes ctw ee een + 25.9 
Rt tOrgrOunG Ott ho eee en... eee So. 2 SRG ss Oe eee —- 0.3 V.to- Von 
Bras erennC GSPN renee... cee meron gs... -. k ween hae fa! acs: ean Oe a er +20. 
Operating free-air temperature range: TLC75331I, AD7533C.................. —25°C to 85°C 

Tero se AO eest s,s eee O°C to: 70°C 
Stormne- tampereture tange <=. «.. 2 Sees eb ele es Geo Tee —65°C to 150°C 
Case temperature for 10°seconds: FN package... 6b is oe Se A TS SS 260°C 
Lead temperature 1,6 mm (4/16 inch) from case for 10 seconds: Dor N package ........ 260°C 


NOTE 1: All voltage values are with respect to the network ground terminal. 


recommended operating conditions 


Supply voltage, Vpp 


Reference voltage, Vref 


High-level input voltage, Vip 


3 Low-level input voltage, Vj, 
Ras Gis Gas = 25 
TLC7533C, AD7533L 
oat 
= electrical characteristics over recommended operating temperature range, Vpp = 15 V, 
= Vref = +10 V, OUT1 and OUT2 at O V (unless otherwise noted) 
9° 
a rj Input resistance, REF (see Note 2) fas 3 (eS eae 
9) 
st 
@ lOlkg Output leakage current 
Ss Digital inputs at Viy 
7) 


Supply voltage sensitivity Vpop = 14 V to 17 V, 
s 


xia AAy/AVpp (see Note 3) Digital inputs at Vjy or Vic 


IDD Supply current 
Cj Input capacitance 
OUT1 


OUT2 

Co Output capacitance BL 
OUT1 
OUT2 


NOTES: 2. Temperature coefficient is approximately — 300 ppm/°C. 
3. Av is the ratio of the D/A external operational amplifier output voltage to the REF input voltage when using the internal feedback 
resistor. 
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TLO7533, AD7533 
Advanced LinCMOS™ DUAL 10-BIT MULTIPLYING 


DIGITAL-TO-ANALOG CONVERTERS 


operating characteristics over recommended operating free-air temperature range, Vpp = 15 V, 
Vref = 10 V, OUT1 and OUT2 at O V (unless otherwise noted) 


PARAMETER TEST CONDITIONS 
FS 


7 Se Full range 
Gain error Digital inputs = Vj, See Notes 4 and 5 %FS 
: To +0.05% FSR, Ry = 1002 

Output current settling time Sees. ? 
Digital inputs changing from Vjy to Vii, or Vi_ to Vip 
Digital inputs at Vi;, 

Feedthrough error pba wie +0.1 | %FSR 
Vref = +10 V sine wave at 100 kHz 


NOTES 4. Practical Full Scale Range (FSR) = Vre¢ — 1 LSB. 


5. Gain error is measured using an internal feedback resistor, Full Scale (FS) = Vre¢ (1023/1024). Maximum gain change from 
Ta = 25°C to minimum or maximum temperature is +0.1% FSR. 


3 
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TL€7533, AD7533 
Advanced LinCMOS™ DUAL 10-BIT MULTIPLYING 
DIGITAL-TO-ANALOG CONVERTERS 


PRINCIPLES OF OPERATION 


The TLC7533 and AD7533 are 10-bit multiplying D/A converters consisting of an inverted R-2R ladder 
and analog switches. Binary-weighted currents are switched between the OUT1 and OUT2 bus lines by 
NMOS current switches. The on-state resistances of these switches are binarily scaled so that the voltage 
drop across every switch is the same. The OUT1 and OUT2 bus lines should be maintained at the same 
potential so that the current in each ladder leg remains constant and is independent of the switch state. 
Most applications require only the addition of an external operational amplifier and a voltage reference. 


The equivalent circuit for all digital inputs low is shown in Figure 1. With all of the digital inputs low, the 
entire reference current, lref, is switched to OUT2 as shown in Figure 2. The current source lref/1024 
represents the constant current flowing through the termination resistor of the R-2R ladder; while the current 
source likg represents leakage currents to the substrate. The output capacitances, Co(1) and Co(2), are 
due to the capacitance of the NMOS current switches and vary with the switch state. With all digital inputs 
low, all of the current switches and the entire resistor ladder are switched to the OUT2 bus line. The 
Capacitance appearing at OUT2 is a maximum of 100 pF; at OUT1 there is a maximum of 35 pF. With 
all digital inputs high, all of the current switches are switched to OUT1, and 100 pF maximum appears 
at OUT1. A maximum of 35 pF appears at OUT2 as shown in Figure 3. 


REF 


i © | 

om 4 

oO 

Q. 

c OUT2 

?) 

o> 4 OUT1 

JU BIT1 BIT2 BIT3 BIT10 ve 

FIGURE 1. SIMPLIFIED D/A CIRCUIT — ALL DIGITAL INPUTS LOW 

O 

2 . ' R 
ow RFB ref RFB 


OUT2 
FIGURE 2. D/A EQUIVALENT CIRCUIT — FIGURE 3. D/A EQUIVALENT CIRCUIT — 
ALL DIGITAL INPUTS LOW ALL DIGITAL INPUTS HIGH 
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TLO7533, AD7533 
Advanced LinCMOS™ DUAL 10-BIT MULTIPLYING 
DIGITAL-TO-ANALOG CONVERTERS 


TYPICAL APPLICATION DATA 
The TLC7533 and AD7533 are capable of performing 2-quadrant or full 4-quadrant multiplication. Circuit 
configurations for 2-quadrant or 4-quadrant multiplication are shown in Figures 4 and 5. Input coding for 


unipolar and bipolar operation are summarized in Tables 1 and 2, respectively. 


15V Vi 


Ra = 2k2 
Y™ (see Note 6) 
Rp (see Note 6) 


C1 (see Note 7) 


Vpp RFB 


BIT1 


REF 


TLC7533 OUT1 


DIGITAL 
INPUT : OR Vo 
(D) sitio «6497533 gut2 


FIGURE 4. UNIPOLAR OPERATION (2-QUADRANT MULTIPLICATION) 


3 


isv VI 
2) 
Ra = 2k Ss 
(see Note 6) 20 k2 feb) 
Rg (see Note 6) > 
® 
we 
VpD REF RFB C1 (see Note 7) Vo ou. 
~ 
DIGITAL to. cipegEse + OUR S) 
INPUT ° OR = 
e 
” aieig- . BOPSES 4: oure ° 
QO. 
FIGURE 5. BIPOLAR OPERATION (4-QUADRANT OPERATION) 
NOTES: 6. Ra and Rp are used only if gain adjustment is required. 
7. Cz (10-33 pF) may be required for phase compensation when using high-speed op-amps. 
TABLE 1. UNIPOLAR BINARY CODE TABLE 2. BIPOLAR (OFFSET BINARY) CODE 
DAC DIGITAL INPUT DAC DIGITAL INPUT 


1111111111 + V) (511/512) 
1000000001 +V; (1/512) 
1000000000 6) 
0111111111 —V) (1/572) 
0000000001 =Vi (511/512) 


I es —V; (1023/1024) 
1000000001 —V; (513/1024) 


1000000000 ~V) (512/1024) = —Vre¢/2 
0111111111 ~V (511/1024) 
0000000001 ~V; (1/1024) 
0000000000 ~V (0/1024) = 0 0000000000 ~V, (512/512) = -V 
T1 LSB = (2-10) y, 
#1 LSB = (2-9) vy, 
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TLO7533, AD7533 
Advanced LinCMOS™ DUAL 10-BIT MULTIPLYING 
DIGITAL-TO-ANALOG CONVERTERS 


TYPICAL APPLICATION DATA 


The TLC7533 and AD7533 may be used in voltage output operation as shown in Figure 6. In this 
configuration, the input voltage is applied to the OUT1 terminal and the output voltage is taken from the 
REF terminal. The output voltage varies with the digital input code according to the equation shown. The 
output should be buffered to prevent loading errors due to the high output resistance of this circuit (typically 
10 kQ). The input voltage should not exceed 1.5 V to ensure nonlinearity errors less than 1 LSB. 


D 
Fae ee re 
15.V Oo 310 | 


Vpp REF 


Birt wceveas ae Vi < 1.5 V 


° OR 
BIT10 AD7533 OUT2 


DIGITAL 
INPUT 
(D) 


3 FIGURE 6. VOLTAGE OUTPUT OPERATION 

a) By connecting the DAC in the feedback of an op-amp as shown in Figure 7, the circuit behaves as a 
O programmable gain amplifier with the transfer function: 

oe 

a © | where D = Digital Input Code (expressed as a decimal number) 

© 

< 15V 

® 

: Po va 


— 1.00097 
—2 
—4 
—§ 
-512 
— 1024 
open loop 


VDD REF 


DIGITAL 
INPUT 
(D) 


BIT! +LC7533 OuUT1 
® 


FIGURE 7. PROGRAMMABLE GAIN AMPLIFIER 
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TLO7533, AD7533 
Advanced LinCMOS™ DUAL 10-BIT MULTIPLYING 
DIGITAL-TO-ANALOG CONVERTERS 


TYPICAL APPLICATION DATA 


The programmable function generator shown in Figure 8 produces both square and triangular wave output 
at a frequency determined by the digital input code. The digital input of the digitally programmable limit 


detector shown in Figure 9 determines the trip point of the PASS/FAIL output. For a digital input of 
00000 00000, the threshold is O V, for 11111 11111, the threshold is — Vref. 


--[-L -- aiAe 


SQUARE WAVE 


DIGITAL 


oe TLC7533 


INPUT e OR TRIANGLE 
(D) . AD7533 WAVE 
BIT10 
fee es ES 3 
1024 (5 Ry &) 


Ry = 10 kQ 
FIGURE 8. PROGRAMMABLE FUNCTION GENERATOR 
15 V Vref 


TEST INPUT (0 TO — Vref) 


Vpp REF 


” 
s 
oo 
> 
® 
tes 
O. 
~~ 
© 
a 
Ze) 
@) 
azo 
o. 


DIGITAL me? segess eens 
INPUT PASS/FAIL OUTPUT 
(D) 
THRESHOLD = -Vye¢(—O_ 
1024 


FIGURE 9. PROGRAMMABLE LIMIT DETECTOR 
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TLO7533, AD7533 
Advanced LinCMOS™ DUAL 10-BIT MULTIPLYING 
DIGITAL-TO-ANALOG CONVERTERS 


TYPICAL APPLICATION DATA 


15V Vref 


DIGITAL 
INPUT 
(D) 


— where: O < D < 1023 


FIGURE 10. MODIFIED SCALE-FACTOR AND OFFSET 


15V Vref 


Vpp REF RFB 


BIT1 
e 


TLC7533 
. OR 
BIT10 AD7533 


MAGNITUDE 
BITS 


SIGN BIT 


FIGURE 11. 10-BIT AND SIGN MULTIPLYING D/A 
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Mechanical Data 4 
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Contents 


A ereeee Ant AURORE CIN oS ly ayn Uo adaccn de Ao RRS eh opened eres 
eer Pot es. st phate Sone yo a Sek a Pee dw Seen ol aie Ot eee eee 


ORDERING INSTRUCTIONS 


PSSA SIRES AMES Te Ra eh SSD MCLE GS 2 68 RRR TR GAS LER PORES EES ESRD ES LAD HARE TS IPO IS TDS ELA SR ROE LYSE EDS SR PANNE SELES LRT ENTE EASY NG ES SEO OE. EDS RED PIG HET CLES TTT SS 
Electrical characteristics presented in this data book, unless otherwise noted, apply for the circuit type(s) listed 
in the page heading regardless of package. The availability of a circuit function in a particular package is shown 
in the ‘‘Available Options’’ table on each data sheet and is usually denoted by an alphabetical reference above 
the pin-connection diagram(s). These alphabetical references refer to mechanical outline drawings shown in 
this section. : 


Factory orders for circuits described in this data book should include a four-part type number as explained in 
the following example. 


EXAMPLE: TLC 544M J /883B 
Eta ea ie Soe ce 
MUST CONTAIN TWO OR THREE LETTERS 


ice Ss ae ape er eee ee Tl Linear Products 
02 Gi ae Tl Linear Silicon-Gate CMOS Products 


STANDARD SECOND-SOURCE PREFIXES 


AD.... Analog Devices PN LP Re raet National 
| a ae ee Intersil 


Unique Circuit Description Including Temperature Range 


MUST CONTAIN TWO TO SIX CHARACTERS 
(From Individual Data Sheets) 


Examples: 10 1255A 
191 32040C 
1540 


Package 
MUST CONTAIN ONE OR TWO LETTERS 


DADW,.FK.EN, db, J0.N;.P 
(From Pin-Connection Diagrams on Individual Data Sheet) 


MIL-STD-883B, Method 5004, Class B 


OMIT/883B WHEN NOT APPLICABLE 


Circuits are shipped in one of the carriers below. Unless a specific method of shipment is specified by the customer 
(with possible additional costs), circuits will be shipped in the most practical carrier. 


Small Outline (D, DW) Chip Carriers (FK, FN) 
Dual-In-Line (J, JD, N, P) 
— Slide Magazines — Anti-Static Plastic Tubing 


—A-Channel Plastic Tubing 
—Sectioned Cardboard Box 
—Individual Cardboard Box 


TEXAS 4 
INSTRUMENTS 


POST OFFICE BOX 655012 * DALLAS, TEXAS 75265 


Mechanical Data le 
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Mechanical Data 


4-4 


MECHANICAL DATA 


DOO8, D014, and DO16 plastic “’small outline’’ packages 


Each of these ‘‘small outline’’ packages consists of a Circuit mounted on a lead frame and encapsulated 
within a plastic compound. The compound will withstand soldering temperature with no deformation, and 
circuit performance characteristics will remain stable when operated in high-humidity conditions. Leads 
require no additional cleaning or processing when used in soldered assembly. 


D008, D014, and DO16 
(16-pin package used for illustration) 


6,20 (0.244) 

5,80 (0.228) 
4,00 (0.157) 
3,81 (0.150) 


5,21 (0.205) 


1,75 (0.069) 7°? NOM fe aad dla nl yO RCRT TY 0,229 (0.0090) 
1,35 (0.053) 4 PLACES ai 0,190 (0.0075) 


2 ST ee Se | 
2 Gy come [mn Of coe ff cove es J oo 

Ale 7° NOM 7, laa 
0,356 (0.014) 4 PLACES 


0,203 (0.008) 
0,102 (0.004) 0,457 (0.018) 


0,79 (0.031) 
0,28 (0.011) 


1,12 (0.044) 
PIN SPACING 0,51 (0.020) 
1,27 (0.050) 
(See Note A) 


ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 


NOTES: A. Leads are within 0,25 (0.010) radius of true position at maximum material dimension. 
Body dimensions do not include mold flash or protrusion. 

Mold flash or protrusion shall not exceed 0,15 (0.006). 

Lead tips to be planar within +0,051 (0.002) exclusive of solder. 


4°) 
per) 
4) 
OQ 
© 
2 
c 
© 
EE we 
©) 
S 
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MECHANICAL DATA 


DW016, DW020, DW024, and DWO028 plastic ‘‘small outline’’ packages 


Each of these ‘’small outline’’ packages consists of a circuit mounted on a lead frame and encapsulated 
within a plastic compound. The compound will withstand soldering temperature with no deformation, and 
circuit performance characteristics will remain stable when operated in high-humidity conditions. Leads 
require no additional cleaning or processing when used in soldered’ assembly. 


DW016, DW020, DW024, and DW028 
(20-pin package used for illustration) 


10,65 (0.419) 
10,15 (0.400) 


7,55 (0.297) 
7,45 (0.293) 


rn 9,0 (0.354) 


2,65 (0.104) 4 PLACES 
2,35 (0.093) 0,5 (0.02) x ii 8.6 (0.338) 
EE SURES Ss a 
== eet ae = eH = = a = 


| Es 
eRe 


0,30 (0.012) $ 0,490 (0.019) aan iy 7° NOM 
0,10 (0.004) 0,320 (0.013) 


0,350 (0.014) 4 PLACES 
0,230 (0.009) 13740 060) 
0,40 (0.016) 


0,785 (0.031) 
0,585 (0.023) 


[70.5007 | 10.602) 
12,90 | 15.49 


© 
° 
~% 
o 
2. 
Oo 
o 
O 
o 
> 
o 


ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 


tTThe 28-pin package drawing is presently classified as Advance Information. 

NOTES: A. Leads are within 0,25 (0.010) radius of true position at maximum material dimension. 
B. Body dimensions do not include mold flash or protrusion. 
C. Mold flash or protrusion shall not exceed 0,15 (0.006). 
D. Lead tips to be planar within +0,051 (0.002) exclusive of solder. 
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MECHANICAL DATA 


FKO20 and FKO28 ceramic chip carrier packages 


Each of these hermetically sealed chip carrier packages has a three-layer ceramic base with a metal lid 
and braze seal. The packages are intended for surface mounting on solder lands on 1,27 (0.050-inch) 
centers. Terminals require no additional cleaning or processing when used in soldered assembly. 


FK package terminal assignments conform to JEDEC Standards 1 and 2. 


FKO20 and FKO28 
(28-terminal package shown) 


CERAMIC CHIP CARRIERS 


OUTLINE NO. OF 
DESIGNATION? | . TERMINALS MIN MIN 


MS004CB 8,69 9,09 7,80 9.09 
(0.342) (0.358) | (0.307) (0.358) 
11,23 11,63 10,31 11.63 

MS004CC 


(0.442) (0.458) (0.406) (0.458) 
* All dimensions and notes for the specified JEDEC outline apply. 


INDEX CORNER—_ 


0,51 (0.020) 
0,25 (0.010) 


t 0,51 (0.020) 
0,25 (0.010) 


© 
oa 
4°) 
a) 
S 
2 
S 
4°) 
E on 
© 
= 


1,40 (0.055) 
1,14 (0.045) Peg Nae (0.045) 
Be 0,89 (0.035) 


0 
0,71 (0. bee eee eae Se EER TES: 2,03 (0.080) 
0,56 (0.022) nis LBL Belo ch 1,63 (0.064) 
0,89 (0.035) dha Me 


| (auuony 


ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 
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MECHANICAL DATA 


FNO20, FNO28, FNO44, FNO68, and FNO84 plastic chip carrier packages 


Each of these chip carrier packages consists of a circuit mounted on a lead frame and encapsulated within 
an electrically nonconductive plastic compound. The compound withstands soldering temperatures with 
no deformation, and circuit performance characteristics remain stable when the devices are operated in 
high-humidity conditions. The packages are intended for surface mounting on solder lands on 1,27 (0.050) 
centers. Leads require no additional cleaning or processing when used in soldered assembly. 


FNO20, FNO28, FNO44, FNO68, and FNO84 
(28-terminal package used for illustration) 


4,50 (0.177) 
4,24 (0.167) | 
| | 2,79 (0.110) 
1,22 (0.048) __. 2,41 (0.095) 


ane XAG 
1,07 (0.042) 1,35 (0.053) - 4¢0 0,94 (0.037) 


1,19 (0.047) 


C (AT SEATING PLANE) 


1,27 (0.050) T.P. 
(See Note B) 


| 


16 #17 + «18 


emwa | > 0,25 (0.010) 
(See Note A) 3PLaces MAX SEATING PLANE 


(See Note C) 


TERMINALS 0,81 (0.032) 
Ses 10006) to 


9,78 10,03 8,89 9,04 7,87 8,38 0,66 (0.026) 
(0.385) (0.395) | (0.350) (0.356) | (0.310) (0.330) 152 (0.060) MIN 
12,32 12,57 11,43 11,58 10,41 10,92 
(0.485) (0.495) | (0.450) (0.456) | (0.410) — (0.430) 


SBEuaeee E: 
17,40 17,65 16,51 16,66 15,49 16,00 0,64 (0.025) MIN 
(0.685) (0.695) | (0.650) (0.656) | (0.610) _(0.630) 0.51 (0.020) WW 


2,02 | apa? | 2013. 9403 | 23.11 . game 0.360.014) "| 
(0.985) _ (0.995) _| (0.950) _ (0.956) | (0.910) _ (0.930) LEAD DETAIL 
30,10 30,35 | 29,21 29.41 | 27,69 28,70 

(1.185) (1.195) | (1.150) (1.158) _| (1.090) _(1.130) 


= 
@ 
2) 
P~ 9 
® 
2, 
7) 
iy 
0 
© 
~> 
® 


ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 


NOTES: A. Centerline of center pin each side is within 0,10 (0.004) of package centerline as determined by dimension B. 
B. Location of each pin is within 0,127 (0.005) of true position with respect to center pin on each side. 
C. The lead contact points are planar within 0,10 (0.004). 
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MECHANICAL DATA 


J014 ceramic dual-in-line package 


This hermetically sealed dual-in-line package consists of a ceramic base, ceramic cap, and a lead frame. 
Hermetic sealing is accomplished with glass. The package is intended for insertion in mounting-hole rows 
on 7,62 (0.300) centers. Once the leads are compressed and inserted, sufficient tension is provided to 
secure the package in the board during soldering. Tin-plated (‘‘bright-dipped’’) leads require no additional 
cleaning or processing when used in soldered assembly. 


19,94 (0.785) 
| 19,18 (0.755) 
YOO O® 


0,63 (0.025) RNOM ~ 


7,87 (0.310) 


7,1 aoe a YO®DOOOO® 


6,22 (0.245) 


127 0,51 (0.020) MIN 1,78 (0.070) MAX 14 PLACES 


(0.050) NOM 


5,08 (0.200) SEALANT 
MAX 


—SEA PLANE 
105° ee 0,69 (0.027) MIN 
90° 14 PLACES 


14 PLACES 
oe | | >| 0,58 (0.023) 14 PLACES 
| 0,38 (0.015) 
0,36 (0.014) 3,30 (0.130) ky Sa 
0,20 (0.008) MIN 2,54 (0.100) 


| 


4 PLACES (See Note A) 


Falls Within JEDEC TO-116 and EIA MO-001AA Dimensions 
ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 


NOTES: A. Each pin centerline is located within 0,25 (0.010) of its true longitudinal position. 
B. This dimension does not apply for solder-dipped leads. 
C. When solder-dipped leads are specified, dipped area of the lead extends from the lead tip to at least 0,51 (0.020) above the 
seating plane. 
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2 
a 
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MECHANICAL DATA 


J0O18 ceramic dual-in-line package 


This hermetically sealed dual-in-line package consists of a ceramic base, ceramic cap, and a lead frame. 
Hermetic sealing is accomplished with glass. The package is intended for insertion in mounting-hole rows 
on 7,62 (0.300) centers. Once the leads are compressed and inserted, sufficient tension is provided to 
secure the package in the board during soldering. Tin-plated (‘‘bright-dipped’’) leads require no additional 
cleaning or processing when used in soldered assembly. 


Lee aes 23,1 (0.910) MAX 3 $a 
SROQoe2oe 


tT AO SIO) Shion init 
7,37 (0.290) 63 (0.025) R NOM—\ 4 


7,62 (0.300) 
6,22 (0.245) 


ODOOOOOO® 


1.27 (0.050) NOM 0,51 (0.020) 1,78 (0.070) MAX 18 PLACES 
‘ MIN 


GLASS 


5,08 (0.200) SEALANT 
MAX 


aN te 0.027) M 
PLANE 0,69 (0.027) MIN 
105° 3,30 (0.130) 14 PLACES 


90° MIN (See Notes B & C) 


18 PLACES 
\\e— O03 (0.014) ‘ 0,58 (0.023) 


0,203 (0.008) 0,38 (0.015) 
18 PLACES 18 PLACES 
PIN SPACING 2,54 (0.100) ed 


0,38 (0.015) 
Note A 
pre 4 PLACES 


ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 


NOTES: A. Each pin centerline is located within 0,25 (0.010) of its true longitudinal position. 
B. This dimension does not apply for solder-dipped leads. 


C. When solder-dipped leads are specified, dipped area of the lead extends from the lead tip to at least 0,51 (0.020) above the 
seating plane. 
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© 
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MECHANICAL DATA 


J020 ceramic dual-in-line package 


This hermetically sealed dual-in-line package consists of a ceramic base, ceramic cap, and a lead frame. 
Hermetic sealing is accomplished with glass. The package is intended for insertion in mounting-hole rows 
on 7,62 (0.300) centers. Once the leads are compressed and inserted, sufficient tension is provided to 
secure the package in the board during soldering. Tin-plated (‘‘bright-dipped’’) leads require no additional 
cleaning or processing when used in soldered assembly. 


24,76 (0.975) 


| 23,62 (0.930) | 


PL LOO OOOOY 


0,63 (0.025) R NOM 


7,87 (0.310) 
7,37 (0.290) 


7,62 (0.300) 


6.22 (0.246) OO OOOOOOO® 


0,51 (0.020) 1,78 (0.070) MAX 20 PLACES 


iia 1,27 (0.050) NOM MIN 
GLASS 


5,08 (0.200) SEALANT 
MAX 


_ SEATING 
a PLANE 3 30 (0.130) 


MIN 
20 PLACES 


0,36 (0.014) 
rile $30;0:006 | 0.205 ne -o[fe- osz.o0zs 
20 PLACES 4 PLACES 20 PLACES 


0,69 (0.027) MIN 
16 PLACES 


1,27 (0.050) 
0,38 (0.015) 


4 PLACES (See Notes B & C) 


PIN SPACING 2,54 (0.100) T. P. 
(See Note A) 


ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 


NOTES: A. Each pin centerline is located within 0,25 (0.010) of its true longitudinal position. 


B. This dimension does not apply for solder-dipped leads. 
C. When solder-dipped leads are specified, dipped area of the lead extends from the lead tip to at least 0,51 (0.020) above the 


seating plane. 
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MECHANICAL DATA 


JO28 ceramic dual-in-line package 


This hermetically sealed dual-in-line package consists of a ceramic base, ceramic cap, and a lead frame. 
Hermetic sealing is accomplished with glass. The package is intended for insertion in mounting-hole rows 
on 15,24 (0.600) centers. Once the leads are compressed and inserted, sufficient tension is provided to 
secure the package in the board during soldering. Tin-plated (‘‘bright-dipped’’) leads require no additional 
cleaning or processing when used in soldered assembly. 


37,1 (1.460) MAX 


@OODH®OOOOOOO® 


0,63 (0.025) R 
NOM 


15,49 (0.610) = oo OAQDOOOO O@OOOOQOO® 


14,99 (0.590) 
1,91 (0.075) 5,7 (0.225) 


-|— 1,27 (0.050) NOM 1,27 (0.050) 1,78 (0.070) MAX 28 PLACES mje 3,8 (0.150) 
GLASS SEALANT 


‘ SEATING PLANE 
P 
28 PLACES 1,78 (0.070) 


0,30 (0.012) —_»\}#— 0,51 (0.020) =f 1 206-0.160) 28 PLACES 
0,20 (0.008) 0,71 (0.028) MIN | 3,17 (0.125) 


28 PLACES 0,51 (0.020) 28 PLACES 
0,41 (0.016) (See Notes B & C) 
28 PLACES PIN SPACING 2,54 (0.100) T.P ae 
(See Note A) y 


4 PLACES 


ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 


NOTES: A. Each pin centerline is located within 0,25 (0.010) of its true longitudinal position. 


B. This dimension does not apply for solder-dipped leads. 
C. When solder-dipped leads are specified, dipped area of the lead extends from the lead tip to at least 0,51 (0.020) above the 


seating plane. 
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MECHANICAL DATA 


JDO24 and JDO28 ceramic side-braze dual-in-line packages 


Each of these hermetically sealed dual-in-line packages consists of a ceramic base, metal can, and side- 
brazed tin-plated leads. These packages are intended for insertion in mounting-hole rows on 15,14 (0.600) 
centers. Leads require no additional cleaning or processing when used in soldered assembly. 


JD024 and JDO28 


INDEX MARK 
(DOT, TRIANGLE, 
OR NUMBER) 


1,78 (0.070) 


0.51 (0 020) MIN 0,76 (0.030) 


| 5,08 (0.200) MAX 
__ SEATING : 
A PLANE 
105° 3.18 (0.125) MIN 
«90° ‘ 


1,91 (0.075) MAX 
0,38 (0.015) 4 PLACES 
0,20 (0.008) 2.54 (0.100) NOM 0,53 (0.021) 


PIN SPACING 7 
15 
(See Note A) Pumaren.) 


PINS (N) 
28 


24 
A +0,51 (+0.020) 15,24 15,24 
B (MAX) 31,8 36,8 
a ee 
C (NOM) 18:96 15,0 
a Pe 


ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 


© 
~~ 
© 
Q 
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NOTE A: Each pin centerline is located within 0,25 (0.010) of its true longitudinal position. 
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MECHANICAL DATA 


NO14 plastic dual-in-line package 


This dual-in-line package consists of a circuit mounted on a lead frame and encapsulated within a plastic 
compound. The compound will withstand soldering temperature with no deformation, and circuit 
performance characteristics will remain stable when operated in high-humidity conditions. The package 
is intended for insertion in mounting-hole rows on 7,62 (0.300) centers (see Note A). Once the leads are 
compressed and inserted, sufficient tension is provided to secure the package in the board during soldering. 
Leads require no additional cleaning or processing when used in soldered assembly. 


19,8 (0.780) 
18,0 (0.710) 


®OQOODOOO® 


2,4 (0.093) R NOM 


7,62 + 0,25 2,8 (0.110) NOM 
(0.300 + 0.010) 


6,35 + 0,25 ~ Mx raw, 
(0.250 + 0.010) @) (@) @ EG) ©) ) 
2.0 (0.080) NOM 


| 1, 78 (0.070) MAX 14 PLACES 


: ~ 0,51 (0.020) 
0,25 (0.010) 5,08 ad MAX pet Be 
NOM 
— SEATING PLANE be? 84 (0.033) MIN 
M 14 PLACES 
0,36 (0.014) 


14 Bricks aces _,|Ls 938-0. 0 eer 0,533 (0,021) 


3,17 (0.125) MIN 0,381 0,381 (0.015) 
ri dasip yom 14 PLACES 
(See Notes B and C) 


(See Notes B and C) 2,03 + 0,51 
(0.080 + O. an 


4 PLACES PIN ae 2,54 (0.100) T. P. 
(See Note A) 


Falls Within JEDEC TO-116 and EIA MO-001AA Dimensions 


ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 


NOTES: A. Each pin centerline is located within 0,25 (0.010) of its true longitudinal position. 
B. This dimension does not apply for solder-dipped leads. 
C. When solder-dipped leads are specified, dipped area of the lead extends from the lead tip to at least 0,51 (0.020) above seating 
plane. 


Ss 
© 
° 
= 
3. 
Oo 
2. 
O 
© 
o> 
a) 


4-14 TEXAS %% 
INSTRUMENTS 


POST OFFICE BOX 655012 * DALLAS, TEXAS 75265 


MECHANICAL DATA 


NO16 plastic dual-in-line package 


This dual-in-line package consists of a circuit mounted on a lead frame and encapsulated within an electrically 
nonconductive plastic compound. The compound will withstand soldering temperature with no deformation, 
and circuit performance characteristics will remain stable when operated in high-humidity conditions. The 
package is intended for insertion in mounting-hole rows on 7,62 (0.300) centers. Once the leads are 
compressed and inserted, sufficient tension is provided to secure the package in the board during soldering. 
Leads require no additional cleaning or processing when used in soldered assembly. 


pues 19,8 (0.780) MAX Bain, 
®®@Q@QH@O 


¢ 
7,62 + 0,25 
(0.300 + 0.010) 
6,35 + 0,25 
(0.250 + 0.010) 


* 2,0 (0.080) NOM O@O® QOQOO® 


a —> je—1,78 (0.070) MAX 16 PLACES 
& ‘ 0,51 (0.020) 
0,25 (0.010) NOM MIN 
5,08 (0.200) MAX : 


is SEATING PLANE ; 
105 ~ 0,84 (0.033) MIN 


e920" 12 PLACES 
16 PLACES 0,36 (0.014) 
0,25 (0.010) 3,17 (0.125) MIN | 0,533 (0.021) 
16 PLACES 0,381 (0.015) 
(See Notes B and C) 1,65 (0.065) 16 PLACES 
0,38 (0.015) (See Notes B and C) 
4 PLACES PIN SPACING 2,54 (0.100) T. P. 
(See Note A) 


2,4 (0.093) R NOM 
2,8 (0.110) NOM 


Parts may be supplied in accordance 
with the alternate side view at the ALTERNATE SIDE VIEW 


option of TI plants located in Europe. a ea 1,78 (0.070) MAX 16 PLACES 
In this case, the overall length of the 


package is 22,1 (0.870) max. 0,51 (0.020) 
MIN 
5,08 (0.200) MAX 4 


0,84 (0.033) MIN 
16 PLACES 


3,17 (0.125) MIN —e ee 0,533 (0.021) 
0,381 (0.015) 
2,41 (0.095) _) SOREREEE 2 
and IDNAN\ e Notes an 
1,02 (0.040) PIN SPACING 2,54 (0.100) T-P. 


4 PLACES (See Note A) 


ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 


4°] 
~~ 
4°) 
a) 
© 
2 
G. 
© 
As 
O 
® 
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NOTES: A. Each pin centerline is located within 0,25 (0.010) of its true longitudinal position. 
B. This dimension does not apply for solder-dipped leads. 
C. When solder-dipped leads are specified, dipped area of the lead extends from the lead tip to at least 0,51 (0.020) above seating 
plane. 
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MECHANICAL DATA 


NO18 plastic dual-in-line package 


This dual-in-line package consists of a circuit mounted on a lead frame and encapsulated within an electrically 
nonconductive plastic compound. The compound will withstand soldering temperature with no deformation, 
and circuit performance characteristics will remain stable when operated in high-humidity conditions. The 
package is intended for insertion in mounting-hole rows on 7,62 (0.300) centers. Once the leads are 
compressed and inserted, sufficient tension is provided to secure the package in the board during soldering. 
Leads require no additional cleaning or processing when used in soldered assembly. 


23,4 (0.920) MAX — 


OOOOYOOO® 


2,36 (0.093) R NOM 


7,62 + 0,25 
4,06 (0.160) NOM 


(0.300 « 0.010) 


6,99 (0.275) MAX @) @) @) ©) ©) ©) @ @) 


2,03 (0.080) NOM {1.78 (0.070) Max 18 PLACES 


0,51 (0.020) 
0,25 (0.010) NOM 


5,08 (0.200) MAx = MIN 


—SEATING PLANE 


oa be 0,89 (0.035) MIN 


18 PLACES 18 PLACES 


o\e 0,279 + 0,076 3,17 (0.125) MIN —| }e— 0,457 + 0,076 


(0.011 + 0.003) (0.018 + 0.003) 
18 PLACES 18 PLACES 
(See Notes B and C) 


(See Notes B and C) 1,91 (0.075) 
0,23 (0.009) 
4 PLACES 


PIN SPACING 2,54 (0.100) T.P. 
(See Note A) 


ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 


NOTES: A. Each pin centerline is located within 0,25 (0.010) of its true longitudinal position. 


B. This dimension does not apply for solder-dipped leads. 
C. When solder-dipped leads are specified, dipped area of the lead extends from the lead tip to at least 0,51 (0.020) above seating 


plane. 
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MECHANICAL DATA 


{SEP UNTER Be 23.6 SER VS TRS DPBS FEET 8 ET BELA DO IRS 8 BELEN BE REV ETE ULE ETL IO TONLE BLES: FEL ERLE GDB EGRET EGE BEES ELE ESTES LAE ED EE ESE ARR A LGA WETTER ODE NRA IS ae RR RY 
NO20 plastic dual-in-line package 


This dual-in-line package consists of a circuit mounted on a lead frame and encapsulated within an electrically 
nonconductive plastic compound. The compound will withstand soldering temperature with no deformation, 
and circuit performance characteristics will remain stable when operated in high-humidity conditions. The 
package is intended for insertion in mounting-hole rows on 7,62 (0.300) centers. Once the leads are 
compressed and inserted, sufficient tension is provided to secure the package in the board during soldering. 
Leads require no additional cleaning or processing when used in soldered assembly. 


OOOOOOOOO® 


2,4 (0.093) R NOM 
2,8 (0.110) NOM 


162 0.2 OOO OOOOOO @ 


(0.300 + 0.010) 


7,11 (0.280) 
6,61 (0.260) 


24,77 (0.975) 
2,0 (0.080) NOM 23,22 (0.914) 
o>, —>| fe 1,78 (0.070) MAX 20 PLACES 
0,25 (0.010) NOM 
5,08 (0.200) MAX 


—— SEATING PLANE a 0,84 (0.033) MIN 
105° 0,51 (0.020) 16 PLACES 
- MIN 


0,533 (0.021) 


0,36 (0.014) 
20 PLACES 4 (0.155 —>¢e— 
—s|ke—9 35 (0.070) sie Ie 0,381 (0.015) 

20 PLACES noose atte ty tae PIN SPACING 2,54 (0.100) T.P. 20 PLACES 


(See Notes B and C) 0.22 (0.009) (See Note A) (See Notes B and C) 


4 PLACES 


25,40 (1.000) 
23,62 (0.930) 


ALTERNATE SIDE VIEW 
}e-1,78 (0.070) MAX 20 PLACES 


1,91 (0.075) (See Note C) 


5,08 (0.200) MAX 
1,02 (0.040) oe 


4 PLACES 
0,84 (0.033) MIN 
VIEW A 0,51 (0.020) -»| 20 PLACES 
Parts may be supplied in accordance MIN 
with the alternate side view at the 0,533 (0.021) 
4 4 “ > s ale : rfid: 
3,94 (0.155) 0,381 (0.015) 


option of TI. European-manufactured 3.17 (0.125) oie apace nib en <r 
parts may have pin 1 as shown in 1.27 (0.050) Wash auia' al 20 PLACES 
view A. Alternate-side-view parts riya fae: Notes B afidic>) 
manufactured outside of the USA 4 PLACES 
may have a maximum package length 
of 26,7 (1.050). 

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 
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NOTES: A. Each pin centerline is located within 0,25 (0.010) of its true longitudinal position. 


B. This dimension does not apply for solder-dipped leads. 
C. When solder-dipped leads are specified, dipped area of the lead extends from the lead tip to at least 0,51 (0.020) above seating 


plane. 
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MECHANICAL DATA 


NO22 plastic dual-in-line package 


This dual-in-line package consists of a circuit mounted on a lead frame and encapsulated within an electrically 
nonconductive plastic compound. The compound will withstand soldering temperature with no deformation, 
and circuit performance characteristics will remain stable when operated in high-humidity conditions. The 
package is intended for insertion in mounting-hole rows on 10,16 (0.400) centers. Once the leads are 
compressed and inserted, sufficient tension is provided to secure the package in the board during soldering. 
Leads require no additional cleaning or processing when used in soldered assembly. 


28,5 (1.120) MAX 


OU CONO Ol OO OLOe 


EITHER 
OR BOTH 
INDEX MARKS 


VOOOOOODOMOM 


10,16 + 0,25 
(0.400 + 0.010) 
(See Note B) 


9,02 (0.355) MAX 


“BR 051 (0.020) 
5,08 (0.200) MIN 


SEATING 


PLANE 0,84 (0.033) 


MIN 
22 PLACES 


0.279 + 0.076 a 3,17 (0.125) 


(0.011 + 0.003) MIN O02 PLACES 
22 PLACES PIN SPACING (See Notes B and C) 
See Notes B and C 
(See Notes B and C) 2.54 (0.100) T.P. 1,78 (0.070) 
(See Note A) MAX 
22 PLACES 


ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 


NOTES: A. Each pin centerline is located within 0,25 (0.010) of its true longitudinal position. 
B. This dimension does not apply for solder-dipped leads. 


C. When solder-dipped leads are specified, dipped area of the lead extends from the lead tip to at least 0,51 (0.020) above seating 
plane. 
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MECHANICAL DATA 


NO28 plastic dual-in-line package 


This dual-in-line package consists of a circuit mounted on a lead frame and encapsulated within an electrically 
nonconductive plastic compound. The compound will withstand soldering temperature with no deformation, 
and circuit performance characteristics will remain stable when operated in high-humidity conditions. The 
package is intended for insertion in mounting-hole rows on 15,24 (0.600) centers. Once the leads are 
compressed and inserted, sufficient tension is provided to secure the package in the board during soldering. 
Leads require no additional cleaning or processing when used in soldered assembly. 


36,6 (1.440) MAX 


BOW OPOBDQOODOOOOO® 


EITHER OR BOTH 13,97 (0.550) MAX 
INDEX MARKS 


OOOOOODOOVOOOY 


a ¢ 


15,24 + 0,25 
(0.600 + 0.010) 


0,51 (0.020) 
MIN 


5,08 (0.200) MAX 


__ SEATING 


3,17 (0.125) MIN 


0,84 (0.033) MIN 
(0.011 + 0.003) (0.018 + 0.003) 


105° PLANE 
90° 
0,28 + 0,08 ae 0,46 + 0,08 __, L. as. 


127+ 
28 PLACES 28 PLACES PIN SPACING 2,54 (0.100) TP. (0,050 + ae 
(See Notes Band C) _ (See Notes B and C) (See Note A) "4 PLACES 


1,40 + 0,18 
(0.055 + 0.0070) 


ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 


NOTES: A. Each pin centerline is located within 0,25 (0.010) of its true longitudinal position. 
B. This dimension does not apply for solder-dipped leads. 
C. When solder-dipped leads are specified, dipped area of the lead extends from the lead tip to at least 0,51 (0.020) above seating 
plane. 


Mechanical Data 
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MECHANICAL DATA 


POO8 dual-in-line plastic package 
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This package consists of a circuit mounted on an 8-pin lead frame and encapsulated within a plastic 
compound. The compound will withstand soldering temperature with no deformation, and circuit 
performance characteristics will remain stable when operated in high-humidity conditions. The package 
is intended for insertion in mounting-hole rows on 7,62 (0.300) centers (See Note A). Once the leads are 
compressed and inserted, sufficient tension is provided to secure the package in the board during soldering. 
Solder-plated leads require no additional cleaning or processing when used in soldered assembly. 


10,2 (0.400) MAX — 


®@O © © 


INDEX DOT 
\ 


g 
7,62 + 0,25 
(0.300 + 0.010) G) (2) G) (4) 


aoe. eae 1,78 (0.070) MAX 
Z ; 8 PLACES 


fe 


5,08 (0.200) 


MAX 
Ser GT LAne 0,84 (0.033) MIN 


GAUGE PLANE 1951 (0.020) 8 PLACES 
- 0,76 (0.030) MIN 
90 0,00 (0.000) 

8 PLACES spans 
\ 3,17 Se es + oe 0,457 + 0,076 
\ 0,28 + 0,08 MIN (0.018 + 0.003) 

sh pita se 5 penta 8 PLACES 
Pog Vick ery roa hack ah (See Notes B and C) 


| 


ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 


NOTES: A. Each pin centerline is located within 0,25 (0.010) of its true longitudinal position. 


B. This dimension does not apply for solder-dipped leads. 
C. When solder-dipped leads are specified, dipped area of the lead extends from the lead tip to at least 0,51 (0.020) above seating 


plane. 
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NOTES 


NOTES 


NOTES 


NOTES 


NOTES 


NOTES 


NOTES 


NOTES 


NOTES 


NOTES 


NOTES 


NOTES 


NOTES 


NOTES 


TI Sales Offices 


ALABAMA: Huntsville (205) 837-7530. 


ARIZONA: Phoenix (602) 995-1007; 
Tucson (602) 292-2640. 


CALIFORNIA: Irvine (714) 660-1200; 
Roseville (916) 786-9208; 

San Diego (619) 278-9601; 

Santa Clara (408) 980-9000; 
Torrance (213) 217-7010; 

Woodland Hills (818) 704-7759. 


COLORADO: Aurora (303) 368-8000. 
CONNECTICUT: Wallingford (203) 269-0074. 


FLORIDA: Altamonte Springs (305) 260-2116; 
Ft. Lauderdale (305) 973-8502; 
Tampa (813) 885-7411. 


GEORGIA: Norcross (404) 662-7900. 
ILLINOIS: Arlington Helghts (312) 640-2925. 


INDIANA: Carmel (317) 573-6400; 
Ft. Wayne (219) 424-5174. 


IOWA: Cedar Rapids (319) 395-9550. 
KANSAS: Overland Park (913) 451-4511. 
MARYLAND: Columbia (301) 964-2003. 
MASSACHUSETTS: Waltham (617) 895-9100. 


MICHIGAN: Farmington Hills (313) 553-1569; 
Grand Rapids (616) 957-4200. 


MINNESOTA: Eden Prairie (612) 828-9300. 
MISSOURI: St. Louls (314) 569-7600. 

NEW JERSEY: Iselin (201) 750-1050. 

NEW MEXICO: Albuquerque (505) 345-2555. 


NEW YORK: East Syracuse (315) 463-9291; 
Melville (516) 454-6600; 

Pittsford (716) 385-6770; 

Poughkeepsie (914) 473-2900. 


NORTH CAROLINA: Charlotte (704) 527-0933; 
Raleigh (919) 876-2725. 


OHIO: Beachwood (216) 464-6100; 
Beaver Creek (513) 427-6200. 


OREGON: Beaverton (503) 643-6758. 
PENNSYLVANIA: Blue Bell (215) 825-9500. 
PUERTO RICO: Hato Rey (809) 753-8700. 
TENNESSEE: Johnson Clty (615) 461-2192. 


TEXAS: Austin (512) 250-7655; 
Houston (713) 778-6592; 
Richardson (214) 680-5082; 
San Antonio (512) 496-1779. 


UTAH: Murray (801) 266-8972. 
WASHINGTON: Redmond (206) 881-3080. 
WISCONSIN: Brookfield (414) 782-2899. 


CANADA: Nepean, Ontarlo (613) 726-1970; 
Richmond Hill, Ontario (416) 884-9181; 
St. Laurent, Quebec (514) 336-1860. 


TI Regional 
Technology Centers 


CALIFORNIA: Irvine (714) 660-8105; 
Santa Clara (408) 748-2220; 


GEORGIA: Norcross (404) 662-7945. 
ILLINOIS Arlington Heights (312) 640-2909. 
MASSACHUSETTS: Waltham (617) 895-9196. 
TEXAS: Richardson (214) 680-5066. 
CANADA: Nepean, Ontarlo (613) 726-1970. 


TI Distributors 


Tl AUTHORIZED DISTRIBUTORS 
Arrow/Klerulff Electronics Group 
Arrow (Canada) 

Future Electronics (Canada) 
GRS Electronics Co., Inc. 
Hall-Mark Electronics 

Marshall Industries 

Newark Electronics 

Schweber Electronics 

Time Electronics 

Wyle Laboratories 

Zeus Components 


— OBSOLETE PRODUCT ONLY — 
Rochester Electronics, Inc. 
Newburyport, Massachusetts 
(508) 462-9332 


ALABAMA: Arrow/Kierulff (205) 837-6955; 
Hall-Mark (205) 837-8700; Marshall (205) 881-9235; 
Schweber (205) 895-0480. 


ARIZONA: Arrow/Kierulff (602) 437-0750; 
Hall-Mark (602) 437-1200; Marshall (602) 496-0290; 
Schweber (602) 431-0030; Wyle (602) 866-2888. 


CALIFORNIA: Los Angeles/Orange County: 

Arrow/Kierulff (818) 701-7500, (714) 838-5422; 

Hall-Mark (818) 773-4500, (714) 669-4100; 

Marshall (818) 407-0101, (818) 459-5500, 

(714) 458-5395; Schweber (818) 880-9686; 

(714) 863-0200, (213) 320-8090; Wyle (818) 880-9000, 
714) 863-9953; Zeus (714) 921-9000; (818) 889-3838; 
acramento: Hall-Mark (916) 624-9781; 

Marshall (916) 635-9700; Schweber (916) 364-0222; 

Wyle (916) 638-5282; 

San Diego: Arrow/Kierulff (619) 565-4800; 

Hall-Mark (619) 268-1201; Marshall (619) 578-9600; 

Schweber (619) 450-0454; Wyle (619) 565-9171; 


San Francisco Bay Area: Arrow/Kierulff (408) 745-6600, 


Hall-Mark (408) 432-0900; Marshall (408) 942-4600; 
Schweber (408) 432-7171; Wyle (408) 727-2500; 
Zeus (408) 998-5121. 


COLORADO: Arrow/Kierultf (303) 790-4444; 
Hall-Mark (303) 790-1662; Marshall (303) 451-8383; 
Schweber (303) 799-0258; Wyle (303) 457-9953. 


CONNETICUT: Arrow/Kierulff (203) 265-7741; 
Hall-Mark (203) 271-2844; Marshall (203) 265-3822; 
Schweber (203) 264-4700. 


FLORIDA: Ft. Lauderdale: 


Arrow/Kierulff (305) 429-8200; Hall-Mark (305) 971-9280; 


Marshall (305) 977-4880; Schweber (305) 977-7511; 
Orlando: Arrow/Kierulff (407) 323-0252; 

Hall-Mark (407) 830-5855; Marshall (407) 767-8585; 
Schweber (407) 331- 7555; — breed 365-3000; 
Tampa: Hall-Mark (813) 530-4 

Marshall (813) 576-1399; achnvaser (813) 541-5100. 


GEORGIA: Arrow/Kierulff (404) 449-8252; 
Hall-Mark (404) 447-8000; Marshall (404) 923-5750; 
Schweber (404) 449-9170. 


ILLINOIS: Arrow/Kierulff (312) 250-0500; 
Hall-Mark (312) 860-3800; Marshall (312) 490-0155; 
Newark (312) 784-5100; Schweber (312) 364-3750. 


INDIANA: Indianapolis: Arrow/Kierulff (317) 243-9353; 


Hall-Mark (317) 872-8875; Marshall (317) 297-0483; 
Schweber (317) 843-1050. 


IOWA: Arrow/Kierulff (319) 395-7230; 
Schweber (319) 373-1417. 


KANSAS: KansasClity: Arrow/Kierulff (913) 541-9542; 


Hall-Mark (913) 888-4747; Marshall (913) 492-3121; 
Schweber (913) 492-2922. 
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MARYLAND: Arrow/Kierulff (301) 995-6002; 
Hall-Mark (301) 988-9800; Marshall (301) 235-9464; 
Schweber (301) 840-5900; Zeus (301) 997-1118. 


MASSACHUSETTS Arrow/Kierulff (508) 658-0900; 
Hall-Mark (508) 667-0902; Marshall (508) 658-0810; 
Schweber (617) 275-5100; Time (617) 532-6200; 
Wyle (617) 273-7300; Zeus (617) 863-8800. 


MICHIGAN: Detroit: Arrow/Kierulff (313) 462-2290; 
Hall-Mark (313) 462-1205; Marshall (313) 525-5850; 
Newark (313) 967-0600; Schweber (313) 525-8100; 
Grand Rapids: Arrow/Kierulff (616) 243-0912. 


MINNESOTA: Arrow/Kierulff abe 830-1800; 
Hall-Mark (612) 941-2600; Marshall (612) 559-2211; 
Schweber (612) 941-5280. 


MISSOURI: St. Louls: Arrow/Kierulff (314) 567-6888; 
Hall-Mark (314) 291-5350; Marshall (314) 291-4650; 
Schweber (314) 739-0526. 


NEW HAMPSHIRE: Arrow/Kierulff (603) 668-6968; 
Schweber (603) 625-2250. 


NEW JERSEY: Arrow/Kierulff (201) 538-0900, 
(609) 596-8000; GRS Electronics (609) 964-8560; 
Hall-Mark (201) 575-4415, (201) 882-9773, 

(609) 235-1900; Marshall (201) 882-0320, 

(609) 234-9190; Schweber (201) 227-7880. 


NEW MEXICO: Arrow/Kierulff (505) 243-4566. 


NEW YORK: Long Island: 

Arrow/Kierulff (516) 231-1009; Hall-Mark (516) 737-0600; 
Marshall (516) 273-2424; Schweber (516) 334-7474; 
Zeus (914) 937-7400; 

Rochester: Arrow/Kierulff (716) 427-0300; 

Hall-Mark (716) 425-3300; Marshall (716) 235-7620; 
Schweber (716) 424-2222: 

Syracuse: Marshall (607) 798-1611. 


NORTH CAROLINA: Arrow/Kierulff (919) 876-3132, 
(919) 725-8711; Hall-Mark (919) 872-0712; 
Marshall (919) 878- 9882; Schweber (919) '876-0000. 


OHIO: Cleveland: Arrow/Kierulff (216) 248-3990; 
Hall-Mark (216) 349-4632; Marshall (216) 248-1788; 
Schweber (216) 464-2970; 

Columbus: Hall-Mark (614) 888-3313; 

Dayton: Arrow/Kierulff (513 435-5563; 

Marshall (513) 898-4480; Schweber (513) 439-1800. 


OKLAHOMA: Arrow/Kierulff (918) 252-7537; 
Schweber (918) 622-8003. 


OREGON: Arrow/Kierulff (503) 645-6456; 
Marshall (503) 644-5050; Wyle (503) 640-6000. 


PENNSYLVANIA: Arrow/Kierulff (412) 856-7000, 
(215) 928-1800; GRS Electronics (215) 922-7037; 
Marshall (412) 963-0441; Schweber (215) 441-0600, 
(412) 963-6804. 


TEXAS: Austin: Arrow/Kierulff (512) 835-4180; 
Hall-Mark (512) 258-8848; Marshall (512) 837-1991; 
Schweber (512) 339-0088; Wyle (512) 834-9957; 
Dallas: Arrow/Kierulff (214) 380-6464; 

Hall-Mark (214) 553-4300; Marshall (214) 233-5200; 
Schweber (214) 661-5010; Wyle (214) 235-9953; 
Zeus (214) 783-7010; 

El Paso: Marshall (915) 593-0706; 

Houston: Arrow/Kierulff (713) 530-4700; 

Hall-Mark (713) 781-6100; Marshall (713) 895-9200; 
Schweber (713) 784-3600; Wyle (713) 879-9953. 


UTAH: Arrow/Kierulff (801) 973-6913; 
Hall-Mark (801) 972-1008; Marshall (801) 485-1551; 
Wyle (801) 974-9953. 


WASHINGTON: Arrow/Kierulff (206) 575-4420; 
Marshall (206) 486-5747; Wyle (206) 881-1150. 


WISCONSIN: Arrow/Kierulff (414) 792-0150; 
Hall-Mark (414) 797-7844; Marshall (414) 797-8400; 
Schweber (414) 784-9020. 


CANADA: Calgary: Future (403) 235-5325; 
Edmonton: Future (403) 438-2858; 
Montreal: Arrow Canada (514) 735-5511; 
Future (514) 694-7710; 

Ottawa: Arrow Canada (613) 226-6903; 
Future (613) 820-8313; 

Quebec City: Arrow Canada (418) 871-7500; 
Toronto: Arrow Canada (416) 672-7769; 
Future (416) 638-4771; Marshall (416) 674-2161; 
Vancouver: Arrow Canada (604) 291-2986; 
Future (604) 294-1166. 


Customer 
Response Center 


TOLL FREE: (800) 232-3200 


OUTSIDE USA: (214) 995-6611 
(8:00 a.m. — 5:00 p.m. CST) 


TI Worldwide 
Sales Offices 


ALABAMA: Huntsville: 500 Wynn Drive, Suite 514, 
Huntsville, AL 35805, (205) 837-7530. 


ARIZONA: Phoenix: 8825 N. 23rd Ave., Phoenix, 
AZ 85021, (602) 995-1007;TUCSON: 818 W. Miracle 
Mile, Suite 43, Tucson, AZ 85705, (602) 292-2640. 


CALIFORNIA: Irvine: 17891 Cartwright Dr., Irvine, CA 
92714, (714) 660-1200; Roseville: 1 Sierra Gate 
Plaza, Roseville, CA 95678, (916) 786-9208; 

San Diego: 4333 View Ridge Ave., Suite 100, 

San Diego, CA 92123, (619) 278-9601; 

Santa Clara: 5353 Betsy Ross Dr., Santa Clara, CA 
95054, (408) 980-9000; Torrance: 690 Knox St., 
Torrance, CA 90502, (213) 217-7010; 

Woodland Hills: 21220 Erwin St., Woodland Hills, 

CA 91367, (818) 704-7759. 


COLORADO: Aurora: 1400 S. Potomac Ave., 
Suite 101, Aurora, CO 80012, (303) 368-8000. 


CONNECTICUT: Wallingford: 9 Barnes Industrial Park 
Rd., Barnes Industrial Park, Wallingford, 
CT 06492, (203) 269-0074. 


FLORIDA: Altamonte Springs: 370 S. North Lake Bivd, 
Altamonte Springs, FL 32701, (305) 260-2116; 

Ft. Lauderdale: 2950 N.W. 62nd St., 

Ft. Lauderdale, FL 33309, (305) 973-8502; 

Tampa: 4803 George Rd., Suite 390, 

Tampa, FL 33634, (813) 885-7411. 


GEORGIA: Norcross: 5515 Spalding Drive, Norcross, 
GA 30092, (404) 662-7900 


ILLINOIS: Arlington Heights: 515 W. Algonquin, 
Arlington Heights, IL 60005, (312) 640-2925. 


INDIANA: Ft. Wayne: 2020 Inwood Dr., 

Ft. Wayne, IN 46815, (219) 424-5174; 

Carmel: 550 Congressional Dr., Carmel, IN 46032, 
(317) 573-6400. 


IOWA: Cedar Rapids: 373 Collins Rd. NE, Suite 201, 
Cedar Rapids, |A 52402, (319) 395-9550. 


KANSAS: Overland Park: 7300 College Blvd., Lighton 
Plaza, Overland Park, KS 66210, (913) 451-4511. 


MARYLAND: Columbia: 8815 Centre Park Dr., 
Columbia MD 21045, (301) 964-2003. 


MASSACHUSETTS: Waltham: 950 Winter St., 
Waltham, MA 02154, (617) 895-9100. 


MICHIGAN: Farmington Hills: 33737 W. 12 Mile Rd., 
Farmington Hills, MI 48018, (313) 553-1569. 

Grand : 3075 Orchard Vista Dr. S.E., 

Grand Rapids, MI! 49506, (616) 957-4200. 


MINNESOTA: Eden Prairie: 11000 W. 78th St., 
Eden Prairie, MN 55344 (612) 828-9300. 


MISSOURI: St. Louis: 11816 Borman Drive, 
St. Louis, MO 63146, (314) 569-7600. 


NEW JERSEY: Iselin: 485E U.S. Route 1 South, 
Parkway Towers, Iselin, NJ 08830 (201) 750-1050. 


NEW MEXICO: Albuquerque: 2820-D Broadbent Pkwy 
NE, Albuquerque, NM 87107, (505) 345-2555. 


NEW YORK: East Syracuse: 6365 Collamer Dr., 
East Syracuse, NY 13057, (315) 463-9291; 
Meiville: 1895 Walt Whitman Rd., P.O. Box 2936, 
Melville, NY 11747, (516) 454-6600; 

Pittsford: 2851 Clover St., Pittsford, NY 14534, 
(716) 385-6770; 

Poughkeepsie: 385 South Rd., Poughkeepsie, 

NY 12601, (914) 473-2900. 


NORTH CAROLINA: Charlotte: 8 Woodlawn Green, 
Woodlawn Rd., Charlotte, NC 28210, (704) 


527-0933; Raleigh: 2809 Highwoods Bivd., Suite 100, 


Raleigh, NC 27625, (919) 876-2725. 


OHIO: Beachwood: 23775 Commerce Park Rd., 
Beachwood, OH 44122, (216) 464-6100; 
Beavercreek: 4200 Colonel Glenn Hwy., 
Beavercreek, OH 45431, (513) 427-6200. 


OREGON: Beaverton: 6700 SW 105th St., Suite 110, 
Beaverton, OR 97005, (503) 643-6758. 


PENNSYLVANIA: Blue Bell: 670 Sentry Pkwy, 
Blue Bell, PA 19422, (215) 825-9500. 


PUERTO RICO: Hato Rey: Mercantil Plaza Bidg., 
Suite 505, Hato Rey, PR 00918, (809) 753-8700. 


TENNESSEE: Johnson City: Erwin Hwy, 
P.O. Drawer 1255, Johnson City, TN 37605 
(615) 461-2192. 


TEXAS: Austin: 12501 Research Bivd., Austin, TX 
78759, (512) 250-7655; Richardson: 1001 E. 
Campbell Rd., Richardson, TX 75081, 

(214) 680-5082; Houston: 9100 Southwest Frwy., 
Suite 250, Houston, TX 77074, (713) 778-6592; 
San Antonio: 1000 Central Parkway South, 

San Antonio, TX 78232, (512) 496-1779. 


UTAH: Murray: 5201 South Green St., Suite 200, 
Murray, UT 84123, (801) 266-8972. 


WASHINGTON: Redmond: 5010 148th NE, Bidg B, 
Suite 107, Redmond, WA 98052, (206) 881-3080. 


WISCONSIN: Brookfield: 450 N. Sunny Slope, Suite 
150, Brookfield, Wi 53005, (414) 782-2899. 


CANADA: Nepean: 301 Moodie Drive, Mallorn Center, 


Nepean, Ontario, Canada, K2H9C4, 

(613) 726-1970. Richmond Hill: 280 Centre St. E., 
Richmond Hill L4¢C1B1, Ontario, Canada 

(416) 884-9181; St. Laurent: Ville St. Laurent 
Quebec, 9460 Trans Canada Hwy., St. Laurent, 
Quebec, Canada H4S1R7, (514) 336-1860. 


ARGENTINA: Texas Instruments Argentina Viamonte 
1119, 1053 Capital Federal, Buenos Aires, Argentina, 
541/748-3699 


AUSTRALIA (& NEW ZEALAND): Texas Instruments 
Australia Ltd.: 6-10 Talavera Rd., North Ryde 
(Sydney), New South Wales, Australia 2113, 

2 + 887-1122; 5th Floor, 418 St. Kilda Road, 
Melbourne, Victoria, Australia 3004, 3 + 267-4677; 
171 Philip Highway, Elizabeth, South Australia 5112, 
8 + 255-2066. 


AUSTRIA: Texas Instruments Ges.m.b.H.: 
Industriestrabe B/16, A-2345 Brunn/Gebirge, 
2236-846210. 


BELGIUM: Texas Instruments N.V. Belgium S.A.: 


Avenue Jules Bondetlaan 11, 1140 Brussels, Belgiuth, 


(02) 242-3080. 


BRAZIL: Texas Instruments Electronicos do Brasil 
Ltda.: Rua Paes Leme, 524-7 Andar Pinheiros, 05424 
Sao Paulo, Brazil, 0815-6166. 


DENMARK: Texas Instruments PAS Mairelundvej 46E, 
2730 Herlev, Denmark, 2 - 91 74 00. 


FINLAND: Texas Instruments Finland OY: 
Ahertajantie 3, P.O. Box 81, ESPOO, Finland, (90) 
0-461-422. 


FRANCE: Texas Instruments France: Paris Office, BP 
67 8-10 Avenue Morane-Saulnier, 78141 Velizy- 
Villacoublay cedex (1) 30 70 1003. 


GERMANY (Fed. Republic of Germany): Texas 
instruments Deutschland GmbH: Haggertystrasse 1, 
8050 Freising, 8161 + 80-4591; Kurfuerstendamm 
195/196, 1000 Berlin 15, 30 + 882- 7365; lil, Hagen 
43/Kibbelstrasse, .19, 4300 Essen, 201-24250; 
Kirchhorsterstrasse 2, 3000 Hannover 51, 
511+648021; Maybachstrabe 11, 7302 Ostfildern 
2-Nelingen, 711 +34030. 
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HONG KONG: Texas Instruments Hong Kong Ltd., 8th 
Floor, World Shipping Ctr., 7 Canton Rd., Kowloon, 
Hong Kong, (852) 3-7351223. 


IRELAND: Texas Instruments (ireland) Limited: 
7/8 Harcourt Street, Stillorgan, County Dublin, Eire, 
1 781677. 


ITALY: Texas Instruments Italia S.p.A. Divisione 
Semiconduttori: Viale Europa, 40, 20093 Cologne 
Monzese (Milano), (02) 253001; Via Castello della 
Magliana, 38, 00148 Roma, (06) 5222651; 

Via Amendola, 17, 40100 Bologna, (051) 554004. 


JAPAN: Tokyo Marketing/Sales (Headquarters): 
Texas Instruments Japan Ltd., MS Shibaura Bldg., 9F, 
4-13-23 Shibaura, Minato-ku, Tokyo 108, Japan, 
03-769-8700. Texas Instruments Japan Ltd.: Nissho- 
Iwai Bldg. 5F, 30 Imabashi 3-chome, Higashi-ku, 
Osaka 541, Japan, 06-294-1881; Daini Toyota West 
Bldg. 7F, 10-27 Meieki 4-chome, Nakamura-ku, 
Nagoya 450, 052-583-8691; Daiichi Seimei Bldg. 6F, 
3-10 Oyama-cho, Kanazawa 920, Ishikawa-ken, 
0762-23-5471; Daiichi Olympic Tachikawa Bldg. 6F, 
1-25-12 Akebono-cho, Tachikawa 190, Tokyo, 
0425-27-6426; Matsumoto Showa Bidg. 6F, 2-11 
Fukashi 1-chome, Matsumoto 390, Nagano-ken, 
0263-33-1060; Yokohama Nishiguchi KN Bidg. 6F, 
2-8-4 Kita-Saiwai-cho, Nishi-ku, Yokohama 220, 
045-322-6741; Nihon Seimei Kyoto Yasaka Bldg. 5F, 
843-2 Higashi Shiokohjidori, Nishinotoh-in Higashi-iru, 
Shiokouji, Shimogyo-ku, Kyoto 600, 075-341-7713; 
2597-1, Aza Harudai, Oaza Yasaka, Kitsuki 873, Oita- 
ken, 09786-3-3211; Miho Plant, 2350 Kihara Miho- 
mura, Inashiki-gun 300-04, Ibaragi-ken, 
0298-85-2541. 


KOREA: Texas Instruments Korea Ltd., 28th FI., Trade 
Tower, #159, Samsung-Dong, Kangnam-ku, Seoul, 
Korea 2+ 551-2810. 


MEXICO: Texas Instruments de Mexico S.A.: Alfonso 
Reyes— 115, Col. Hipodromo Condesa, Mexico, D.F., 
Mexico 06120, 525/525-3860. 


MIDDLE EAST: Texas Instruments: No. 13, 1st Floor 
Mannai Bidg., Diplomatic Area, P.O. Box 26335, 
Manama Bahrain, Arabian Gulf, 973 + 274681. 


NETHERLANDS: Texas Instruments Holland B.V., 
19 Hogehilweg, 1100 AZ Amsterdam — Zuidoost, 
Holland 20 + 5602911. 


NORWAY: Texas Instruments Norway A/S: PB106, 
Refstad 0585, Oslo 5, Norway, (2) 155090. 


PEOPLES REPUBLIC OF CHINA: Texas Instruments 
China Inc., Beijing Representative Office, 7-05 Citic 
Bidg., 19 Jianguomenwai Daijje, Beijing, China, (861) 
5002255, Ext. 3750. 


PHILIPPINES: Texas Instruments Asia Ltd.: 14th Floor, 
Ba- Lepanto Bidg., Paseo de Roxas, Makati, Metro 
Manila, Philippines, 817-60-31. 


PORTUGAL: Texas Instruments Equipamento 
Electronico (Portugal), Lda.: Rua Eng. Frederico Ulrich, 
2650 Moreira Da Maia, 4470 Maia, Portugal, 
2-948-1003. 


SINGAPORE (+ INDIA, INDONESIA, MALAYSIA, 
THAILAND): Texas Instruments Singapore (PTE) Ltd., 
Asia Pacific Division, 101 Thompson Rd. #23-01, 


United Square, Singapore 1130, 350-8100. 


SPAIN: Texas Instruments Espana, S.A.: C/Jose 
Lazaro Galdiano No. 6, Madrid 28036, 1/458.14.58. 


SWEDEN: Texas Instruments International Trade 
Corporation (Sverigefilialen): S-164-93, Stockholm, 
Sweden, 8 - 752-5800 


SWITZERLAND: Texas Instruments, Inc., Reidstrasse 
6, CH-8953 Dietikon (Zuerich) Switzerland, 
1-740 2220. 


TAIWAN: Texas Instruments Supply Co., 9th Floor 
Bank Tower, 205 Tun Hwa N. Rd., Taipei, Taiwan, 
Republic of China, 2 + 713-9311. 


UNITED KINGDOM: Texas Instruments Limited: 
Manton Lane, Bedford, MK41 7PA, England, 0234 
270111. 


—— 
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